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ABSTRACT
An investigation of the structures and metamorphic 
petrology of an area of Eocambrian rocks in Northern
Norway, forms the basis of this dissertation. The area is
characterised by metasediments some of which enclose sheared 
lenticular bodies of metagabbro. Gneisses iiave been developed 
as products of granitisation.
The stratigraphical order of the metasedimentary 
succession can be demonstrated by reference to sedimentary 
structures preserved in massive psaramites. From this 
evidence, it is manifest tliat strata are inverted over a 
large part of N.E. B^r^y, this inversion being attributed to 
the presence of early recumbent folds of considerable 
magnitude. In the surveyed area, major folds of a later, 
second deformation episode dominate the structural picture 
and refold the early structures.
The second episode of folding was protracted and consists 
of two distinct phases. The main folding occurred early in 
this period while the later phase is characterised by a 
brittle deformation. Generally, second episode folds display 
monoclinic symmetry though in the south and west there is no 
uni-directional sense of fold overturning and the symmetry of 
movement is apparently orthorhombic. This difference of fold
symmetry is clearly related to an orthogonal swing of strike 
direction.
Textural studies of the metasediments in relation to the 
tectonic episodes allow a subdivision of the metamorphic 
history into a number of phases, A low grade metamorphism 
accompanied the early folding. The highest grade of regional 
metamorphism was established late in the static interval 
separating the first and second deformation episodes. Coeval 
with this, a granitisation of the metasediments was effected 
which continued, in part, into the second episode of folding. 
Diaphthoretic phenomena characterise the later phase of 
brittle deformation.
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Introduction
is' an island situated off the coast of West 
iinnmark in Northern Norway, west of the town of Kammerfest 
(lat. 70  ^40* N, long. 25^ 80* E). It is Norway * s fourth 
largest island, some 65km. in length trending approximately 
N.E.-S.W. (iig. 1). The coastline is highly irregular 
on account of the numerous fjords which are mostly aligned 
transversely to the axis of the island.
The area mapped for the purposes of this structural
2and metamorphic study is some 80km in the north-east of 
and includes the fjord settlements of Langstrand, 
Skarvfjordhamm, Hellefjord and H^nseby. fieldwork on 
the area was carried out in the summers of 1961, 1962 
and 1965 during the tenure of a N.A.T.O. research student­
ship (D.S.I.K.). Apart from this work, time has also been 
spent on other parts of including 10 days mapping in
the hjzflofjord area, 1962 (Iig. 5), and 3 days reconnaissance 
survey in the extreme N.E. of S^r^y in 1965 (fig* 4).
The writer has also visited areas mapped by Dr. B.A. Sturt 
and Dr. D.h. Ramsay in Central and L,.W. hgfr^ y.
The geological mapping was carried out using aerial 
photographs on a scale of 1:16,666 from which the main map 
has been constructed. hot all the area is covered
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photographically however and use has been made of the 
horges Geografiske OppmSling 1 :50 ,000 topographical maps 
enlarged to the requisite scale $
The island is composed essentially of a sequence of 
metasediments along with gabbroic dioritic and alkaline 
igneous rocks, ivhich have been subjected to a complex 
sti'uctural and metamorphic history. horth-oast Lfzfr^ y^ is 
characterised by metasediments with sheared lenticular 
sheets of metagabbro and the variable development of 
gnilsses.
Topographically, the mapped area comprises an un­
dulating plateau rising gently towards the east with 
precipitous cliffs along the western sides of all the 
fjords; linfjord is an outstanding example in this respect, 
The highest hills on the area, apart from the cliff-tops 
of Sakstinderne (up to 466m.), are iinfjordfjell (470m.) 
and Ctervikfjell (462m.) in the east. The trend of the 
fjords and peninsulas, E.h.W.-b.S.E. corresponds to a 
large extent with the dominant structural trend.
Habitation is confined to the coastline, particularly 
to the narrow "strandflats" along the east shores of 
Langstrand and Hellefjord. The smaller fjords of iijzfnseby i 
and SkarvfjordhoD# (ham# ~ pasture) in the h.W. are also ! 
inhabited, use being made of the grassy raised beaches 
for the cultivation of hay and (rarely) potatoes.
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bkarvfjorcîhamn has a small l'ish factory • 
he.lonol Geology
The Caledonides of îinnmark comprise rocks pre­
dominantly of psammitic composition together with an 
extensive basic and ultrabasic igneous complex. The 
pnmmm&tic metasediments can be correlated with the 
Spax^agmite formation of Southern Norway. lor a more 
detailed description of the geology of linnmark the 
reader is referred to the "Geology of I orway" (Holtedahl, 
I960), particularly to the section by Trygve Strand 
(p.270-278). In this brief introductory account, mention
will be made of the general geological features pertinent 
to an understanding of the position of in the
regional geological picture.
While the greater proportion of linnmark is composed 
of Sparagmitian and Cambro-Silurian lithologics, ^rchean 
basement rocks are found in the east beyond the Caledonian 
thrust front. The major thrust is gently inclined to­
wards the N.k. and West: S^ rjzfy is situated some 70-100km.
N.W, of the thrust front.
The psammatic Eocambrian rocks of iinnmark fall into 
two sharply delineated regional and tectonic groups.
Rocks in the south-east and east are unmetamorphosed, 
whereas those in the west 'and north-west are more or less 
strongly metamorphosed. In the latter region, metamorphic
4 .
grade increases towards the north-west while granitisation 
features become increasingly apparent with the development 
of coarse-grained gneisses.
The metamorphic complex forms one main tectonic unit 
overthrust either upon autochthonous Cambrian sediments 
(in the S.W.) or the unmetamorphosod ^ocambrian (in the 
). The main thrust separating the Arc he an basement 
from the overthrust younger rocks appears further west 
and h.W. bounding several tectonic windows of Pre-cambrian 
rocks of which the kepparfjord (Etrand 1952) and Komag- 
fjord (Reitan 1963) windows are notable examples.
A complex basic and ultrabasic pétrographie province 
extends from the Lyngen peninsula in the south up to the 
islands of il and, St jeim^y and S^r jzfy. The province 
includes layered gabbros, diorites, peridotites, pyroxen- 
ites and nepheline syenites with sporadic occurrences of 
carbonatite (s^vite) on Stjernfz^ y (Strand 1952) and also in
S.V/. S^ rf^ y (Sturt and kanisay, 1965, in press). The basic 
and ultravjasic rocks of this extensive region have been 
described in a series of papers: Barth (1953, 1961);
Krauskopf (1954); Heier (1961); Oosterom (1963);
Stumpli and *Sturt (1965).
The metasediments of I est linnmark are relatively 
poorly documented. Detailed investigations are confined 
to the work of Holtedahl (1918) and Holmsen et alia (1957),
5.
while Tadget (1955) has mapped in the iirtavarre area of 
North Troms. A preliminary survey of the Toppen-Kvaenongen 
area, south of Sjzfrj^ y, has been described by Ball et alia 
(19o3).
A detailed survey of the geology of L0r0y was begun 
in 1959 by Dr, B.A, Eturt and Br* L-,h. Ramsay. Prior to
i
this work the only literature published on the geology of | 
the island is a series of accounts written by Karl Petersen i 
(1868, 1883). A study of fold styles in the Sand^fjord i 
area by Ramsay and Sturt (1963) provides the only detailed 
reference to the motadediments and structures akin to 
those described by the writer. In many respects, the 
Loppen area also contains notable stratigraphical and 
structural similarities to the features mapped in the 
Langstrand region.
The main aim of the writer's research and geological 
survey of N.E. G^r^y is therefore to provide a detailed 
and reasonably comprehensive first account of the structur­
al and metamorphic history of the Eocambrian metasediments 
(and gneisses) of the area.
Geomorphology
Many features of geomorphological interest are 
noticeable in the N.E. S^r^y region, directly or indirectly 
related to the geology. Evidence of the effects of 
glaciation is ubiquitous on B0r0y^ notably in the form of
i
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(modified) U-shaped valleys, erratics, perched blocks and 
raised beach levels. Blocks of coarse gneiss, foreign 
to the environs of Gjzfr^ y, occur. scattered over the plateau 
surface (Plate 4), while locally derived perched blocks of 
gneiss are commonly observed (Plate 5); these latter in­
dicate a local westward movement of ice#
The fjords provide spectacular evidence of glacial 
overdeepening. H^nsebydalen and Skarvdalen represent 
modified U-shaped valleys now occupied by small stream 
courses. In the case of Lkarvdalen the valley is fault- 
controlled. Several examples of hanging valleys, some now 
appreciably degraded, are noticeable.
lakes are numerous and many are clearly of glacial 
origin occurring in rock basins often within deep glacially 
gouged valleys* North of Sandbukten small lakes occur 
at different levels in a deep valley, each lake separated 
by rock bars now broached by streams. The notable Ü- 
shapcd valley immediately N.W. of lundhavn contains two 
small lakes which drain through a small gorge into the 
wide valley of Lunddalen. , The innumerable lakelets in 
linfjorddalen are mostly structurally controlled.
Present-day drainage is p&rtl^éendritic and partly 
trellised controlled often by the geological structure 
as well as by the form and direction of the glacial 
valleys. In effect, the glacial trellised pattern is
Plate 5. Perched block of hornblende-bio t it e granitic 
gneiss, /^^ neebyvatn.
Plate 4* Erratic block# Sÿinsebyvatn#
Plate 5# Solution pit in granitic gneisq 
290 m. a.8#l#; Finfjordnaeringen.
: :
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being progressively modified and overprinted by the dendrit­
ic pattern of stream courses. Examples of river capture 
are uncommon, but a striking occurrence can be traced be­
tween Veiviken and the head of linfjord.
Valleys are frequently observed to be polycyclic,
The val]^ draining into the f.E. of H^nsobyfjord shows a 
conspicuous gorge or incised volley in its lower course, 
Tracing the gorge upstream, a waterfall marks the knick- 
point above which the valley is wide and relatively shallow 
representing an older profile. The cause of the changing 
base-level of river erosion is the post-glacial uplift of 
land which is so much in evidence in linnmark.
The most direct evidence of land uplift during the 
deglaciation period is to be seen in the several levels of 
raised beach or. strand line which may be observed around 
the coastline. One notable strand line, traceable in this 
and other parts of is at 12 metres a.s.l. Along
the eastern sides of fjords this is often utilised for 
habitation and the cultivation of hay. In Ej^nsebyfjord, 
four raised beaches can be demonstrated at ca, 11m., 14m., 
18m. and 22-25-m., while three of those levels are• developed 
at Skarvfjordhamn. In the S.W. of 8^r^y several strand 
lines up to 60m. have been recorded and measured by Sturt 
and Kamsay (1965, in the press). Raised stacks, 
associated with the land uplift, are present in Skipsvik
8.
and in the Horclnes coastal section,
linally, mention can be made of the frost-heaved 
"felsenmcer" of quartsite blocks which characterises much 
ox the plateau surface south-east of iljz^ nscbyfjord. Also, 
on the minor peeks of granite gneiss along the Eakstinderne 
ridge and on finf jordnaeringon in the massive hornb&t^ nde 
granitic gneiss, solution pits (morphologically similar to 
potholes) up to Im. in diameter and JCcm* in depth are not 
uncommon (Plate 5)* Solifluction torreces are observed on 
gently inclined east-facing slopes on the plateau surface.
9.
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FART ORE 
STRATIGRAPHY
1. General
Throughout the area, a conformable inetasedimentary 
succession of quartsites, politic and semi-pelitic schists, 
calc-silicate schists and recrystallised limestones 
(Table 1) is clearly recognisable, the stratigraphical 
order of which can be demonstrated by reference to the 
excellently preserved sedimentary structures within the 
Klubben Quart&ite Croup. From the observation of such 
features, it is apparent that the succession is inverted 
over a large part of R.E. S^r^y. This inversion is 
attributed to the presence of a major recumbent fold or 
nappe.
S^r^y is shown on the geological map of Norway 
(Holtedahl and Dons, I960) as lying within the province of 
"rocks mainly of juocambrian age”. This is also extended 
to include, in part, metarnorphie üambro-Silurian. Since 
no fossils have been found in the Fangstrand area, it has 
been impossible to give any definite age to the metasedi­
ments. Neighbouring areas of mapped by Dr. B.a .
Sturt and Dr. D.M. Ramsay have also failed to provide 
fossil evidence. xbe implication is that the undoubted 
high grade of regional metamorphism has precluded the 
discovery of fossil remains.
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Recently however, a limestone band in the south of 
Bf6Tj6y has yielded specimens of an Archaeocyathld (Plate 6 ). 
These were found by Dr. Sturt during a rapid reconnaissance 
traverse between 0ifjord and Breivikbotn and v;ere identified 
by Dr. C.H. Holland. The effects of deformation plus 
silicification have made it difficult to give any generic 
name. Archaeocyatha have a Power-Middle Cambrian age.
The limestone is thought to belong to the Palkenes limestone 
Group. The general presumption is that the succession is 
largely of locambrian age with the probability of an exten­
sion into the Cambrian. The succession along: with approxi­
mate thicknesses is as follows:
Hellefjord Schist 
Falkenes Limestone Group 
Storelv Schist 
Transitional Group
Quartsite 3
Upper Semi-Pelite 
Quartsite 2 
Lower Semi-Pelite 
^Quartzite 1
Investigations begun by Dr. Sturt and Dr. Ramsay in 
Central b0rsfj in 1959 gave a provisional tabulation of the 
metasedimentary sequence as seen in the Sand^fjord column 
of Table 1. The initially named Klubben Quartsite of 
Sturt and Ramsay appears to correspond to the youngest 
quartzite member of the Klubben Quartzite Group of the
Klubben
Quartz-
ite
Group
?
4 60m. 
110m. 
12-25m.
(?)540m. 
0-75m. 
280m. 
0-280m. 
> 1120m.
i m M
Plate 6* ArchaeocyalJhia. 
Brevikbota#
limeetone, 5 to* ^
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writer. The Storelv lormation of Sandjÿf jord includes 
the Polite 3 which is equivalent to the Storelv Schist of 
the Langstrand area. .The other members of the Storelv 
Formation (thickness only 50^ .^) are correlative with the 
Transitional Quartsite and represent a facies variation 
with distinct mappable units demonstrable in Sandj2^f jord; 
these units become progressively indistinct both to the 
h.B. and S.W. In the S.W. succession, the Breivik
Group of Sturt and j. amsay is* essentially equivalent to the 
upper part of the iralkenes Limestone Group as delineated by 
the writer in the Langstrand area.
Mapping in the Langstr&nd-Finfjord area has led to 
the discovery of a thick series of fine-grained, flaggy 
schists, the Beliefjord Schists, stratigraphically above 
the Falkenee Limestone Group. A similar flaggy lithology 
has recently been found in S.W. S^r^y (D.M. Ramsay, 
personal comiunication).
Lateral variations of lithology due to original 
sedimentary facies changes are not uncommon over the area. 
Intercalative pelites within the Klubben Quartsite Group 
are quite variable in occurrence and gradational boundaries 
of quartsite and semi-pelite are ubiquitous. ^imilerly, 
facies variations can be traced throughout the falkenes 
Limestone Group; these are distinguishable from apparent 
litholorical variations caused by tectonic sliding.
14.
2* H e l d  Relationships
The Klubben Quartsite Group
The Klubben quartzite Group is the lowest stratigraphi­
cal formation represented in the area. Three psammitic 
units separated by two semi-pelitic horizons constitute 
the Klubben Quartzite Croup, each of these units exhibiting 
variably transitional boundaries and changes of lithology 
along the strike. The possibility of these members 
representint tectonic repetition can be refuted by reference 
to fairly abundant, though localised, current bedding in 
the psammites*
Preservation of sedimentary structures of such 
abundance end magnitude (Plates 7, 8 and 9) in areas of 
high metamorphic grade is not a common occurrence in the 
locambrian rocks of Northern Norway. In the Skarvfjordhamn 
area, perfectly preserved current bedding is present in 
individual quartzite beds of 32-35cm. thickness (Plates 10 
and 1 1).
Although cross-bedding is developed throughout the 
Klubben Quartzite Group, it tends to abound locally within 
the psammites, particularly where pelitic material is scarce 
and the quartzites fairly massive. Invariably the current- 
bedded units are parallel or tabular (Shrock, 194-8) and 
rax'ely diverge from this form. Pore set laminae are sharply 
truncated at the tops of the units, so providing invaluable
Plate 7* Current bedding in psammite. N.E. of Langstrand.
Plate 8. Inverted current bedding in psammite* 
South Hç/nsebyf jord.
Plate 9* Inverted current bedding in psammite. 
South H^neebyf joid.
Plate 10. Current bedding in psammite. H.W. 
Skarvfjord coast.
Plate 11. Inverted current bedding in psaiaaite, 
North Skarvfjord cliff.
w m m
Plate 12. Current beddiiyj deformed by Fp minor folds. 
600 m. N. of H^eby.
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evidence of the order of succession of the beds. Bottom- 
set beds are often present, but topset laminae are notably 
absent.
Splendid examples of deformed (folded) current bedding 
are demonstrable near Biz^ nseby (Hates 12 and 13)• further 
evidence of depositional environment is seen at Hpnseby, 
where two small washouts are recognisable (Fig. 2) and 
ripple marks noted on bedding surfaces (Plate 14). 
Inconstancy of current direction is indicated by the 
arrangement of foreset laminae in opposite directions, 
often in contiguous beds, producing a "herring-bone 
cross-lamination" (Plates 15 and 16).
In terms of lithology, the psammitic members of the 
Klubben Quartzite Group exhibit varying characters from 
massive, extremely well-bedded, white to buff, granulitic 
quartzites to flaggy, dark-grey, micaceous psammites.
Closer examination of hand specimens reveals a sugary 
texture in the s.ore massive bands, with pink or buff 
weathering surfaces usually being indicative of appreciable 
feldspar content. Feldspar is clearly distinguishable in 
many hand specimens, and thin-section examination reveals 
that several horizons within the quartzites are distinctly 
arkosic in composition.
Indeed, "pure" quartsites are rarely encountered in 
the Klubben Quartsite Group, and all gradations in feldspar
mPlate 13* Current bedding deformed by Fg minor folda 
600 m. H. of Hj/nseby.
.,Q.
Plate 14. Current bedding and ripple marks* Psammite* 
Valley south of E/nsebyf jord#
Plate 15, 'Herrii^-bone' current 'bedding, Psammite, 
Sou'll H^sebyf jord shore.
Plate 16. •Herriï^ g-bone* current bedding. 
South Hj^ nsebyf jord shore*
Psammite,
16.
content are observed. Microcline is a common constituent 
mineral*
The darker, banded gsammites contain biotite as an 
essential i ineral, and evince a scliistosity paralleling 
the banding. Echictosity is frequently absent in the 
white massive quartzites. Specimens .of second generation,
1 fold closures, however, invariably show well developed 
axial planar schistosity, and from an extensive examination 
of micaceous psammites, it is noted that the penetrative 
schistosity is aligned at some low angle to the recognis­
able banding. The earlier schistosity - related to 
folding) is usually recognised in the pelitic inter­
calations and is parallel to the banding. ;
Garnet is ubiquitously developed in pelite ribs and j 
quartzite alike, although it is occasionally absent in 
the purer quartzites. It is noticeably more conspicuous
in the thin pelite bands. In the B^nseby area, in 
psammite specimens taken for petrofabric analysis, strings
Early folds are. designated 1^, second period folds 
third generation Schistosities Sg and Bj relate to
the and episodes respectively, being the original 
bedding.
^ a  ^ W a s h o u t  o n  w a v e - w a s h e d  s h o r e  s e c t i o n  
K l u b b e n  Q u a r t z i t e ,  N . H < ^ n s e b y f j o r d
m
( ^ b )  W a s h o u t  in i n v e r t e d  s e q u e n c e ,  K l u b b e n  Q u a r t z i t e  ,
S o u t h  H 0 n s e b y f j o r d
Fiq. 2 W A S H O U T  S T R U C T U R E S .
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of skeletal garnets ore clearly aligned parallel to the 
axial planar schistosity, providing good evidence of their 
pre-1 2 age•
Within the psammite members ox the Klubben Quartzite 
Group, the tendency is for a general increase of pelite 
content towards the top of the succession* Moreover, 
sedimentary structures are much less common in the upper 
quartzite as compared with their local profusion in the 
oldest of the quartzite members*
In the Bkax'Vfjordhamn-H^nsebynes area, on the steep 
west limb of the Skarvfjord Synform, extreme tectonic 
stretching has accentuated the stratification, the quartzite 
novj having the appearance of a very closely banded lithology 
individual units varying appreciably in thickness* Tocton 
-ic lenses or segregations of gamet-biotite rock are fair­
ly common, garnets occurring up to com. in diameter*
Boudined pegmatitic and quartz-kyanite segregations are 
also notable* Current bedding occurs in the thicker 
quartzite beds.
The two semi-pelitic members of the Klubben Quartzite 
Group are characterised by a fairly rapid alternation of 
pelitic and psammitic bands, often of microscopic dimen­
sions, containing garnet as an essential üâneral* The 
older, thicker semi-polite attains a maxiiium thickness of 
280m., north of Veirbukten, although the wide outcrop in
18.
that area is in part a consequence of shallower dips. 
Boundaries between the semi—pelite and psammite members 
of the Klubben Quartzite Group are often imperceptibly 
gradational, more^so towards the base of the semi-pelitic 
horizons.
bitliin the upper semi-pelite, a fairly constant 3-4 
metre quartzite band is mappable end contains sporadic 
current bedding. Quartzite bands are also recognisable 
in the lower semi-pelitic horizon.
Tracing the lower semi-pelite h.K.E. towards 
H/nsebydalen, quartzitic bands progressively interrupt the 
sequence, until, on the north side of the lij^ nseby xdver, 
the lithology is predommntly a finely laminated psammite 
with thin, irregular pelite partings. Continuing north 
of EjZ^nsebydalen, granite gneiss becomes prominent in the 
succession, in the form of concordant partings and irregu­
lar lenticular bodies, some of which exceed 1 ,200m. in 
length. The granite gneiss is coarse-grained, composed 
primarily of plagioclase and K-feldspar with discoidal 
segregations of quartz paralleling a pronounced foliation, 
micaceous segregatfery partings are essential constituents 
of the gneiss which forms small ridges and knolls on 
the general plateau surface of ckarvfjordfjell. The 
granite gneiss is also present in the Eakstinderne area 
north of Ekarvdalen, where thin persistent sheets lie
Plate 17* Granite gneiss 
in semi-pelite. 
S.E. HçAisebyfjord#
•lii
Plate 18. Peldspathization 
of semi-pelite with 
granite gneiss at 
the top. Shore 
near Grasdalsnes,
E. Sand$/fjard.
H W m
B H HH||
Plate 19* Amphibolite sill in psammite defoztted by 
^2 fold. North Hçiiisehyfjord coast.
Plate 20. Garnet if erons 
amphibolite sill. 
Cliff, S.E. of 
Vest-8 tr/mmen.
Plate 21. Txansgressive sills in psammite. Coast 
south of Hÿksehynes.
19..
concordantly in the banding, the foliation parallel to 
their lengths* Bo sharp, cross-cutting contacts occur, 
the gneiss characteristically having gradational boundaries 
of varying scale (Plates 1? and 18). /JLthough certain 
contacts simulate an intrusive origin (parallel to the 
banding) they'can be shown to have been produced tectonic- 
ally during the second episode of folding. An initial 
preferential feldspathisation of the politic intercalations 
is seen almost everywhere, relics of psamniitio material 
occasionally present in the granite gneiss (parallel to 
the foliation and banding) providing further evidence for 
a replacive origin.
At Bkarvfjordhamn, a progressive feidspathiaation of 
the metasediments can be demonstrated. Two ages or phases
of granitisation are recognisable, the later of which has
produced diffuse granitic material enclosing relict
fold closures of quartsitic bands.
Amphibolito sills and dykes within the Klubben 
Quartsite Group, showing thicknesses from 15cm. to 3 .5m., 
are notably schistose, this schistosity clearly axial 
planar to fV) structures (Plate 19)» Gai'nets are often 
profuse (Plate 20), rarely up to 5cm* diameter# Cccasion— 
ally, amphibolitos show sporadic large garnets in the 
centre with an abundance of small garnets in the marginal
zones*
2 0 .
The Gtriped (Transitional) Quartsite
Between langstrand and Hjgfnsebyclalen there occurs a 
particularly fleggy and distinctive lithology, essentially 
a transitional series from the Klubben Quartzlte Group to 
the richly garnetiferous Ltorelv Schist. The mai±mum 
thickness ic about 25 metres. The Striped Quartzite is 
composed of alternating thin, white quartsite bands and 
pelitic laminae, the quartsite bands averaging 2-3cm, 
thickneco, with boudinage a common feature (Plate 22). 
Apart from quartz, plagioclose and muscovite ere the only 
significant minerals in this quartzite. In the pelitic 
bands, muscovite is in excess of biotite. Garnet is 
occasionally present. Corrugations of the F. schistosity 
(^2 / uud chevron folds are characteristic of the polite 
intercalations, which tend to thicken at fold closures 
and thin to almost nothing along limbs.
Towards l&ke 170, the ftriped Quartzite is less 
readily identifiable, becoming more pelitic and schistose 
along the strike, whilst K.W. of okarvfjordhamn, quartzite 
bands are infroquently dovoloped in this transitional 
lithology. 'This affords further evidence of original 
lateral facies variations during sedimentation.
The mtorelv gchist
following the btriped Quartzite there occurs a rusuy— 
weathering pelitic schist which crops out continuously fxom
Plate 22. ‘Pransiticxnal Quartzite Group* boudinage 
and ?2 minor folds* West Lunddalen*
Plate 2). Amphibole segregation in Lower Limestone. 
West Pinf jorddalen scarp*
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Xxiiigotîi’Ciîid. hC j; jliix Jcpd, eUid al SO ill the of tho area
west of tho Skarvf jord Synform. The inconstancy of width 
of outcrop is partly duo to the relative abundance of 
second generation, Pg, folds in any one area. Just B.E. 
of lake 170 for instance, the .torelv Cchist contains many 
second phase folds which, together with the general shallow­
ness of dip, has helped to produce a wide outcrop.
At langstrand, the dip of the banding is to the^B.L.; :
;l
near Lundhavn the schists are vertical; beyond Lundhavn 
however, the whole succession is invested, the banding now 
inclined towards the b.h.W. and becoming progressively 
shallower tov;ardc E^nsebyvatn.
The htorelv Schist contains two lithologies, the 
dominant one a garnct-muscovite schist, the other a 
muscovite-biotite schist* Tho latter occurs above the 
garnet-rich pelite, has a variable thickness with (often) 
gradational boundaries and attains a marimum development 
in the E . l v .  of the area.
The l azuetiferous schist- develops a brownish rusty-wea 
-the ring surface and compared with the quart sites is poorly 
jointed. Muscovite, garnet and quartz constitute the bulk 
of tho rock, with biotite present in small quantity.
Garnets are generally profuse occurring as small deep-red 
or purply-red porphyroblasts, rarely exceeding 2mm. diameter 
except E.k. of Ekarvfjordhamn. Kyanite is a common
2 2 .
porphyroblast in the schists to the west of the Lkarvf jord 
%;nform, more especially in the severely tectonised 
lontlculai' bands of schists wliich contain occasional quartz- 
kyanite segregations (bladed and acicular blue kyanites . 
up to 15 cm.). Small kyanites are present in the Ltorelv 
Schist of the Skarvdalen-col region.
In Skarvdalen, staurolite is clearly visible in a 
hand specimen (SB.222) ox schist, together with kyanite and 
geirnet. Staurolite has also been noted in three other 
thin-GOCtions from widely scattered localities. Silliman- 
ite, replacing biotite, is present in one specimen of 
schist (12 2) from Langstrand.
Between lake I70 and I'inf jord, conspicuous pods or 
lenticles of pegmatitic material arc present in the garnet- 
muscovite scliist, parallel to tho general schistosity.
These pods rarely exceed 10cm. in length and have diffuse 
contacts, grain size often grading into that of the schist. 
Tourmaline needles (up to 1.5cm.) are common and often 
appeal" to extend into the j.^etasodiment. Along other 
horizons, the quartzo-feldspathic material seems to nave 
been more pervasive, producing a gneissose tecture in the 
schists.
The Quart s—mu scovite—biotite sc hi s t is a compact,
Wni l iMiiiii i .P iiiii'i ■ ! I <11 iLi im ii ■ .  ' ' MI - W, mm. „ n , ,„ I Im i  ...................................................... ..................................
grey-weathering lithology containing occasional, thin, 
isiper si stent gurnetiferous horizons (attain with a rusoy-
23.
weathering colour). The lower boundary of tills schist 
often shows a gradation into the garnet-muscovite schist, 
rdmilarly, a transition occurs at the upper contact, with
calc-silicato schists*
Locally, .within the quartz-muscovite-biotite schist the 
lithology taken on a more psammitic.aspect this helping to 
pick out tho second generation folds, which exhibit a 
marked axial planar schistosity. It is clear, therefore, 
that EOdimentary variations are the cause of such lateral 
lithological changes.
North of . j^dbergoddon, a distinctive 2-3 metre band of 
yellow-brown weathering, friable psammito occurs within the : 
schist sequence. This includes several thin polite part­
ings. The psammite, gritty in appearance, contains biotite 
and sporadic, small garnets, and tliin-section and binocular 
microscope examination reveals well-preserved sedimentary 
grains coated with a film of iron oxides.
I eldspathisation features are present in the lundvatn 
area, where the lithology is quite gneissose with quarts and 
quartso-feldspathie segregations. Neax’-vertical cliifs 
are developed in the acre compact and resistant gneiss.
Above Langstrand, boudinage of psammitic bands is 
demonstrably controlled by conjugate sheer planes w’xiich 
have yielded on echelon boudins.
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The l-'alkencs Limestone Group
The ialkenes limeBtonc Group erebraces a variety of 
rock types raneing from graphite kyanite phyllites and 
slates to calc-siliceous schists and limestones. Hany 
lithological variations occur, while the two main linostones 
can, be traced over most of the area. The group crops out 
continuously from Langstrand, to finfjord, mostly as an in­
verted succession, Table 2 serving to show various litho­
logie al changes.
The calc-silicnte schists and Lower Limestone form a 
prominent scarp-face from H^nsebyvatn to the fault-contx’ollsi; 
Ekarvdalen-col, just south of linfjord, although the seouerce 
is dissected by a number of normal faults. A downthrow of 
an estimated 60-80m. on the Skarvdal ïault displaces the 
group to near beach level in W. linfjord.
The basal celc-silicate lithology invariably shows a 
sedimentary transition into the Storclv Schist. Spidote 
is 8 common mineral in the pale, grey-green, basal calc- 
siliceous schists, and there is a detectable general decrease 
in grain size upwards. Passing up the succession, epidote 
schists give way to tremolite schists and phyllites, vâth 
frequent diopsidic bands (often boudined). In Vs. linfjord, 
12m. of rapidly alternating tremolite phylllte and diopaide- 
rich bands produces an unusual weathering feature, the 
white diopsidic bends (rarely > 6cm. thick) standing out as
25.
prominent ribs on the cliff face. Tiiyllitic schists in­
crease in abundance, with well—developed Icnotenschiefer of 
tremolite present in some of the phyllites. Graphitic 
phyllites with, locally, thin limestone intercalations occur 
im-i.ediately below the lower limestone.
The two main limestones arc separated by 20-25 metres 
of variable schists and phyllites. The lower limestone 
(marlmum thickness 11 metres) is generally pale grey or 
grey-blue with a banding or lamination readily discernible 
in the form of thin celc-silicate layers. Impersistent 
treiiiolite/actinclite and di opside-iich bands arc commonly 
drawn out into boudins and larger isolated segregations 
of dai’k green ectinolite occur within the limestone (Plate
2 3 ) .
The limestone has clearly been ertensively recrystall­
ised , grain size varying to a marimum of 5 r,n. in certain 
pure bands. staining techniques (Zvamy, 1962) reveal that 
the carbonate is apparently 1000 calcite, the calcite being 
notably iron free.
Towards the top of the Lower limestone near ikarvd&len 
-col, a 15-25cm. indurated, dark blue, cryptocrystalline 
limestone band is found to exhibit intensive cetaclastic 
festuroB, and represents a minor slide zone. Certain 
parts of this dark limestone show sheared-out tight folds 
and brecciated bands, together with boudinage structures.
Plate 24. Tremolite limestone with diopside in 
lower half of photograph. Langstrand.
Plate 25* Infilled mud-»cracks on hedding surface 
in Upper Limestone. Langstrand.
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kitbin the normal grey limestone, localised slides are 
devoid of any notably mylonitlc zones.
A Ecdium-to coarse-grained tourmaline pegmatite occurs 
irregularly in the basal part of the Ialkenes Limestone 
Group as tectonic bodies, rarely up to 3 metres thick and 
of restricted length (see Map 1). The contacts are some­
times cross-cutting, but this relationship v;ith the metased- 
iment is believed to be due, in part, to tectonic effects - 
boudinage of the thinner pegmatite bodies illustrates tiiis 
particularly well. Tourmaline is occasionally abundant 
with stout prismatic crystals up to 2 cm. not uncommon.
The Upper Limestone is decidedly more impure, often 
with a brownish weathering surface, and containing frequent 
calc-silicEte and pelitic intercalations which at times 
constitute tho bulk of the rock. In tho F.t. of the area, 
the degree of impurity is fairly high, whereas towards 
Langstrand, politic bands are of infrequent occurrence.
Some tremolite-rich bands, with or without diopside, occur 
in this latter area (Plate 24),
A curious structure noted on a bedding plane of a 
limestone band near Langstrand school would appear to have 
a rather debatable ox'igin. It show’s a rectilinear pattern 
of ridges, with two main directions of ridge alignment, one 
of which is dominant (Plate 25). Ihe ridges have fairly 
sharp margins, a maximum width of Jem. and project a few
27.
millimetres above the bedding plane# The two main ridge 
directione arc more or less orthogonal. The ridges, of 
impure limeotone or calcaccouo siltstone, probably represent 
infilled inud-cracks (on a temporarily exposed surface), 
similar to those depicted in Shrock (1946, figs. 1^2, 1^6 
and 161).
Tho lithology separating tho two main limestones is 
entreiaoly variable. hock types comprising this sequence 
include graphitic kyanite phyllites and schists, garnet- 
sillimanite schists and garnet-actinolito schists. tithin 
tho calc-silicato schists and phyllites, boudinage of actin- 
olitic and diopsidic material is manifest.
On the coast of langsti'ondf jord, a particularly 
massive graphitic Icyanito-rich schist is prominent (plate 
26) and is of dark grey or black colour with yellow and 
brown weathering stains and streaks. Microfolds are cam-
{
ouflaged by the abundant radiate and bladed kyanites which 
are visibly flexed by the folding. The original conditions 
of sedimentation have clearly been a prime factor in the 
production of so variable a sequence of lithologies, with 
facies variations again detectable.
Above the Upper Limestone, a calc-Bilicate schist is 
the prevalent lithology, although a thin, knobbly-weathoring 
garnet-rich band is found to contain staurolite, some 
kyanite and also tourmaline segregations. Lome If-20m.
Plate 26. Graphitic kyanite scîiist. langstrand shore,
Plate 27. Typical flaggy Beliefjord Schist. 1.2 km, 
north of Belief jord#
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above the limestone, a valuable market quartsite band makes 
an appearance south of linfjord and also above langstrand. 
The quartsite is massive with muscovite as an essential 
mineral and commonly includes thin, impersistent pelitic 
layers. A sugary texture, together with close, iron- 
stained joints and fractures characterises this brittle 
quartsite which, although relatively thin, is traceablg 
over much of SjZ^ r^ y. It has been mapped by Dr. Sturt and 
Dr. Basisay in the Band^fjord and Broivikbotn areas, and by 
the author between Djg^ nnesfjord and B/lefjord during a 
reconnaissance survey.
The Reliefjord Schists
From Finfjord to lundhavn, the Falkenes Limestone 
Group is succeeded by a series of monotonous flaggy 
metasediments (Plate 2?), the thicîoiess of which, although 
quite considerably, is indeterminable because of tight 
folds and tectonic stretching and thinning. The metasedi­
ment is typically a grey, closely banded, fine-grained 
gyllitio schist, often extremely flaggy and fissile and 
containing abundant small garnets and lineated needles or 
laths of dark green amphibole.
Schistosity planes commonly have a satiny lustre, the 
rock being-of extremely fine grain (O.Og-O.lmm.). Paler 
grey or grey—green bands which tend to be more resistant 
to weathering, are relatively deficient in biotite and
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rich in amphibole, as well as having slightly larger grain 
size (0.1-0.3mm.).
Garnets, though present in varying amount throughout 
the Hellof jord. Cchists, are especially profuse in the 
darker grey phyllitic bands'. Tho small, porphyroblastic 
purply-%ed or translucent garnets rarely exceed 2mm. 
diameter and e:\hibit porfeot rhombdocccahodral form. On 
account of the- grade of mctamorphism, it would be correct 
to refer to the motasedimont as a fine-grained schist 
rather than a phyllitc. Amphibole-rich bands usually 
contain only scattered’ garnets. The amphibole laths are 
generally < 2cm. in length and aligned parallel to 
fold axes.
A characteristic feature of the Hellofjord Cchist is 
the presence of scgregatbry quarts commonly seen as boudins 
and redded segregations. hecrystallised diopside and cal- 
cite are associated with the boudins in the C.L. of the 
area. As a rule the quartz boudins are sheared and drawn 
out par*allel to the ^2 .^xial planar schistosity whore this 
is penetrative. Thickening is noted in fold d o  since zones. 
Ciiailar phenomena are reprcsehted in pegmatitic veins.
llagginoss of the lithology has clearly been accentuat­
ed by tectonic stretching, to the extent that individual 
"flags': in some localities ai'O lorn, thick and quite 
fissile. It is of interest to note fchat the word "helle‘*
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of nollefjord is translatod as "slato, slab or flag:". 
Jointing is well represented in this compact flaggy 
lithology.
Around the chore and cliff sections of U{:ippernGsf jord 
and Hellefjord, rhythmic layering is depicted in alternat­
ing pale and darker grey units of phyllitic schist. It is
not possible, however, to establish a general younging 
direction utilising graded bedding, since the protracted re- 
cryctallisation and tectonic history has rendered the grad­
ing ill-defined.
The polor calc-silicate bands are quite often boudined, 
at times in both the tectonic and 'b* directions of Fg 
folding. Along the coast of West 8Id.ppernesfjord, thin 
limestone ribs and laminae appear in the sequence, these 
also showing strong tectonic features and boudinage.
S.W. of Lundhavn, the lithology changes gradually to 
a variable sequence of semi-pelitic and schistose rocks, 
lacking tho typical flaggy choTactor, and very poorly 
c:-cpoGcd between Langstrand and Sankbulrten. Moreover, 
there is a strike swing and marked increase of dip to near- 
vertical in h. Gandbulctcn. Pelitic horizons in this area 
are muscovite-rich and occasionally ochibit good microfolds
and corrugations.
An unusual rock ty%)e at Gamnes, of restricted 
occurrence, has the app>earance of a defoi*med. congloméraue
Plate 28. Deformed 'slunq?» lithology with fragments 
of psaanaite and phylllte. Gamnes.
Plate 29. Deformed ’slump’ lithology. Gamnes*
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or Elump-breccia (Platce 28 and 29). It Is massive, 
consisting of extremely elongate buff or cream-coloured 
spots or fragments, commonly with sharp outline, in a dark 
grey fine-fjrained matrix. The fragmentary material is 
of variable size and abundance} viewed in end-section, 
fragments show a general lenticular outline, though some 
are sub-angular and irregular in shape. There is, in 
nearly ell cases a planar arrangement of the lenticles 
(as seen in end-section) parallel to the banding, £-iae 
varies from micro-particles to lenticles measuring 4cm. x 
15 cm. In longitudinal section, fragments exhibit a 
pronounced elongation with pencil and cigar shapes dominant
Fragments are found to consist of fine-grained 
psammite, often feldspar-rich, the grain size normally 
smaller than that of the matrix, which is predominantly e 
biotite schist sometimes containing garnet. Small, 
similarly lineated shaly fragments are also present. A 
psammite, with traces of current bedding indicating that 
the beds are normally disposed, occui's immediately below 
the fragmentary lithology, and many of the fragments are 
composed of this psammitic material. Moreover, the base 
of the fragmentary bed is fairly irregular.
Although the accumulated evidence would appear to 
favour a sedimentary origin, it is feasible that the turbid 
fragmentary lithology could have developed, in part at
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least, tectonically, especially as the lithology has 
clearly suffered intensive tectonic effects. Thin 
laminae of psammitic material in a semi-pelitic lithology 
could be dissected, rolled end stretched, simulating the 
present confused lithology.
The stretched fragments die out up the sequence (the 
fragmentary horizon is 6 - 9 metres thick) and along the 
strike, so that there is a normal gradation of particle 
size. The derivation of the majority of the fragments 
from the adjacent psammite and also possibly from thin 
psammitic laminae within the semi-pelite, is suggestive of 
the lithology being of non-diastrophic origin, feasibly a 
slump-breccia or similar' slump lithology. The restricted 
occurrence and irregular base lend support to this view.
Some 5 0 0 -3 5 0 metres above the base of the Beliefjord 
Schist, a massive but well-foliated gneiss crops out from 
Veirfjell to Ctervikfjell, then discontinuously to lin- 
fjordnaeringen in the H.E, of the area, producing notable 
scapps and cliffs (Plates 30 and 31). Feldspar augen 
(up to 1cm.), biotite and hornblmde are the principle 
constituents of the gneiss, with garnet porphyroblasts 
scattered irregularly thx’oughout.
On the east limb of the Beliefjord Bynform two 
distinctive gneisses are identifiable, separated by a 
sparsely feldspatliized flaggy metasediment. The lower of
Plate )0. Cliffs of massive homblende-biotite 
granitic gneiss, Bast Finf jord, with the 
island of Kam^ y in the distance*
Plate 51* Stepped feature produced by the hornblende- 
biotite granitic gneiss* Above Belief jord. 
Skipper nes f jord in the dis tame#
Plate 32. Hornblende-biotite granitic gneiss with 
Fg minor folds. Finf jordnaeringen.
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the two gnelBGOG (15m# thick) is the typical gernetlferouG
hornblmde-biotlte gneise, whereas that above the metasedi­
ment is garnot-free and somewhat less coarse than the 
lower gneiss* Towards Ctervikfjell, the intercalatory 
metasediment thins and is nowhere present in the west 
limb outcrop of the Helleijord Synfoim, although a distinc­
tion between garnetiferous and garnet-free gneiss is still 
valid. On Finfjordnaeringen the gneiss is particularly 
massive and thicker due to the abundance of minor ?2 
structures (Plate 52), with 150 metre cliffs of gneiss 
prominent (Plato 31).
Field evidence points to a metasomatic origin; pro­
gressive feidspathiaation, gradational boundaries and 
relics of metasediment are visible at many localities* 
Relatively sharp contacts are not wanting however, but 
these never transgress the banding of the metasediments.
It is highly probably that many such contacts ere tectonic. 
It is, moreover, abundantly clear that the gneiss has been 
subjected to the second generation deformation, as wit­
nessed by the folds, pronounced lineation and boudinage 
structures.
Throughout the eastern part of the area, elongate 
tectonic lenses of metagabbx^o occur in the Hellef jord uchist, 
varying from 900m. in length near Seterenvatn, to 2 - Jm. 
boudins or tectonic inclusions# The metegabbro, now an
FIG.3. G E N E R A L  D I S T R I B U T I O N  O F  T H E
G A B B R O I C  R O C K S  O F  T H E
I S L A N D  O F  S ^ R 0 Y
Outline of S.S^r^y C o b b r o  t a k 
from N.G.U. hi,0 0 0 , 0 0 0  m a p
lO km.
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ampliibelite, is medium-grained, variably schistose and 
e:chibits a mineral lineation (hornb3eade) paralleling the 
H'2 fold axes. Margins of the lenticlè^ are commonly of 
finer grain sise than the central portions » Segregatory
ampliibole and diopsidic material is locally present.
The metagabbro lenses are of ' interest in that they
lie An the approximate strike extensionf of the Storelv
. \
Metagabbro (Stumpfl & Sturt, 1965) of jord which
thins out eastward until it is not seen wést of Langstrand-
fjord (Fig. 5). The logical inference is'that the mete-
■
gabbrdb bodies of the Langstr^hd-Finfjord. brea almost
cei'tainly represent tectonic ' lenticles oA t %  Btorelv
Metagabbro (or an extension of this) in a intense
: I . \
tectonic environment. Field evidence and petrdgr&phical
studies support this view, particularly as the'^afioua
metagabbro lenticles are very similar in all respects.
During the late summer of 1^6) three traversed were
taken over the Gamvik-Akkerf jord' area of L.E. B^ rjz(y, in
f ' ÿ  . '
order to acquire information a^ou®. the north-eastward
continuation of stratigraphy gêtoeral structure.
I \
Between Bkippernesfjord aôd ak^erfjord (Fig. 4) the
lithology is identical to that of 't|ie\\^ nellef jord Schist of
' ! \ \
the research area, being a flagg#, llin^rgruined schist or 
phyllitic schist. Garnet and. amph^ole are again common, 
the latter showing a good proférref'orientation. Boudined
N O R T H - E A S T  S ^ R ^ Y R E C O N N A l S S A N C E  M A P
^  N
,C>
C a m v i k v a f n
15
J010
)
2 km.
I ■ 1 sck/ït
i ' 1 g a f - K t h
I I M-ico.-Sckiit"
)nct'<Lr««kkl'0
t
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quarts veine and. segregations are often present* The 
tendency is, however, for the TOtasedlment to become 
less flaggy towards the B.E. and adopt a slightly more 
psammitic aspect. Lenticular, metagabbroic bodies, of 
small extent, were observed in the Akkerfjord district*
G.E. of kefjord a 5m. band of white psammite with feldspars 
interrupts the sequence. Some 40m. structurally below 
this poammite, a 4 - 6 m. band of brown weathering garnet- 
kyanite schist is present, with garnets profuse, generally 
2mm. across and of purply-red colouration. Pegmatitic 
segregations and boudins occur within this garnetiferous 
schist. Further tabulation of the sequence here was im­
practicable because of vertical cliffs.
The garnet-hornblaade-biotite gneiss is traceable 
over this part of chiefly on the plateau N.E. of
Basteidet and also between Akkerfjord and Gamvik, At 
several localities, distinction can be noted between 
garnetiferous and garnet-free gneiss with, E. of Basteidet, 
an intercalatory feldspathized flaggy metasediment* This 
corresponds with the lithologies mapped on the east limb 
of the Reliefjord Synform.
Attention can be drawn to the many observations of
!
progressive and gradational feldspatMsation - from 
metasediment into gneiss. This is^quite clearly demon­
strated on the steep scarp—face south of Csmvilcvatn* and
ss
S c a l e  6 c m .  =  1 k m
K Y A N I T E  S C H I S T
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also on the fjell W, end 8.W. of Kjfftviken, where all
stages in the metasediment-gneiss transition can be 
followed.
liorth-west of Borviken, a biotite-muscovite schist 
with sporadic garnets, occurs within the normal flaggy 
succession, not far below the garnetiferous gneiss.
As shown in the results of the traverses, the 
Beliefjord Schist sequence clearly extends into the N.E. 
part of Sjz5r^ y, with only minor lithological differences.
The variants in the succession at j$ef jord quite possibly 
represent the youngest rock-types recognised on S^r^y.
Reconnaissance mapping of a tract of ground between 
B^lefjord and Djz^ nnesf jord in Central 6^ rf(y has demonstrated 
the presence of a synclinorium, the core of which contains 
repeated limestones and kyanite-rich schists of the 
Falkenes Limestone Group (Fig. 5).
5. Precis of Conditions of Sedimentation
From an inspection of the lithologies constituting 
the metasedimentary sequence, it is possible to relate the 
original rock-types to their probable depositional environ 
-ments. Inspite of the high grade of regional metamor-
phism and deformation episodes to which the rocks have been 
subjected, certain meaningful sedimentary structures are 
still clearly distinguishable.
The massive quartzites of the Klubben Quartzite Group
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vjith their associated current bedding are indicative of a 
shallow water environment. Cross-bedded units show well 
developed foresefc beds, with thin micaceous laminae, merging 
asymptotically into bottomeet beds which are occasionally 
rippled. Although the current direction is statistically 
constant in any one locality, occasional herring-bone 
cross-lamination reveals conditions of frequently shifting 
current direction. It is not possible however to determiiu 
an original major current direction. Vashouts and ripple 
marks provide further evidence of the shallow-v/ater origin 
of these quartsites.
It is very probable that a nearby landmass was under­
going fairly rapid erosion at this time; moreover the 
arkosic nature of the quartz!tes points to the provenance 
of the sediments as being of rocks of considerable granitic 
character, undoubtedly the Pre-Cambxdan basement complex.
The semi-pelitic members of the Klubben Quartsite 
Group indicate departures from the "deltaic" environment. 
Possible reasons for the changes are crustal instability 
or the migratory nature of the delta or deltas. Inter­
calatory polite bands within the quartz!tes may owe their 
origin to differing rates of subaerial erosion, in turn a 
consequence of possible climatic changes.
Towards the top of the Klubben Quartzite Group, 
current bedding decreases markedly in occurrence (only
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sporadic examples now), and politic laminae are more 
frequent denoting gradually changing conditions of sedi­
mentation. The Transitional Group is notable for its 
rapidjalternation of quartzitic and politic bands, indica-
I
tive of tectonic instability.
Bbth the Storelv Schist and the lalkenes Limestone 
Group appear to be representative of a fairly shallow 
water shelf-sea environment, as evidenced by psammitic 
horizons in the Storelv Schist and the probable mud- 
cracks (temporary subaerial conditions) in impure limestone, 
The peculiar psammite band north of I-^dbergodden containing 
rounded clastic quartz grains in a ferruginous matrix is 
a clear indication of shallow water conditions, possibly 
a sandy shore-line deposit.
Above the limestones, the Reliefjord Schist is typi­
cally a monotonous sequence of fine-grained phyllites and 
schists, appreciably calcic, showing a notable rhythm of 
sedimentation. Bands of slightly differing grain size 
(and mineral content) alternate, but because of the poly­
phasé! recrystallisation history, graded bedding is not 
definitely recognisable. These generalised features 
indicate a deepening of the depositional basin and it is 
suggested that this lithology represents a calcaceous silt- 
stone or greywacke-type sediment laid down in a developing 
geocynclinal trough. In terms of field appearance, the
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Beliefjord Schist (particularly that which is wave-washed) 
1b remarkably similar to the Silurian Aberystwyth Grits of 
Central Wales, which are esteemed as géosynclinal deposits.
S.k. of lundhavn, along the strike, it is clear that 
there has been a sedimentary facies change with coarser 
schists and semi-pelites present, together with the de­
formed "slump-conglomerate" of Gamnes. The coarser 
schist horizons"in the^N.E. of afford evidence of
intermittent crystal instability.
In conclusion, it is apparent that the stratigraphical 
succession of the area exhibits features of changing 
environments of sedimentation, from possible deltaic 
through shallow-water "shelf-sea" to a deepening trough 
analogous to a developing geosyncline. The change from 
current bedding in older, assive quartsites to rhythmic 
sedimentation end possible original graded bedding in the 
younger phyllites and schists is regarded as evidence of 
a deepening of the depositional basin.
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PART TWO
TLCTOhlCS
Introduction
In recent years, several workers have been mapping in 
the West linnm&rk Eocambrian province but at present, 
relatively little published material is available on 
Iinnmark structural geology. The papers of Sturt (1961) 
and Ramsay and Sturt (1963) provide the only references to 
the structural geology of It is proposed that a
comprehensive account of the broader aspects and implica­
tions of the geological structures on will be pub­
lished as soon as the island has been completely mapped, 
Neighbouring areas of Loppen and 0ksfjord have recently 
been preliminarily surveyed and a generalised account 
published (Ball et alia, 1965) on the stratigraphy and 
structure•
The metamorphic rocks of the Langstrand area have 
been subjected to polyphase deformation. Two distinct 
episodes of folding are present, designated and Fg, 
being the earlier fold phase, together with a possible later 
fold phase, Fj of lesser significance. Furthermore, 
gentle warp folds, of crossfcold type, were developed 
during the protracted Fg folding.
The primary schistosity parallels the banding and is
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related to ^ schistosxty axial planar to Fg Eind
often penetrative is found to be the dominant planar 
structure in many areas, notably in the Reliefjord Schist 
lithology. Elsewhere, micas have recrystallised 
mimetically after the earlier fabric, so that little 
evidence of 8^ preserved.
Tectonic structures have been divided into three
classes by Weiss (1955)» namely macroscopic, mesoscopic
/
and microscopic. In this thesis, major and minor 
structures are used in an equivalent sense to the macro­
scopic and mesoscopic of Weiss, The term microfold is 
used to describe folds of microscopic dimensions, including 
minor corrugations and drag folds.
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I FOLDS.AlW LINEAR STRUCTURES
Geological mapping of the area (see Map 1 in the 
cover) has revealed a striking homogeneity and uniformity 
of succession, minor facies changes apart, so that sub­
division on the basis of major structural units has not 
been possible. The ensuing description and discussion 
of folds and related structures present over the area is 
divided into tectonic episodes, both of which are part of 
the protracted Caledonian orogeny.
One of the most notable features of the geology and 
particularly of the structural, geology is the narked 
strike swing of some 90^-120^ from Saksfjord in the north 
to Langstrand in the south. The conformity of succession 
together with the relatively gentle swing of strike gives 
a deceptively simple initial picture of the structures 
involved. As can be seen from the structural map (Map 2) 
and cross-sections, the larger part of the area shows the 
banding dipping to the 8.W. or W., whereas the Klubben 
Quartz!to to the south of EjzJnsebyf jord is characterised by 
S - 8.L.-dipping strata. The detailed significance and 
interpretations of these observations are discussed later 
in the structural chapter. It should be noted, however, 
that near-recumbent folds of major proportions dominate the 
structural picture.
Of major importance from both stratigraphical and
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structural points of view are the well-preserved sedimentary 
structures in tho i-assive quartsites. These criteria 
indicate that strata in well over half the area mapped are 
inverted. Hox'eover, the presence of such structures has 
proved invaluable in locating the axial traces of tight 
folds in strata with near constant dip and strike values, 
which would otherwise have been virtually impossible.
Despite the evidence afforded by current bedding, 
the magnitude of the major folds and their problematical 
relationships with other structures deems it necessary to 
consider the structural geology of other parts of I0r0y 
in formulating a large scale picture of the tectonic 
history. Unfortunately the areas in proximity to the 
Langstrand region, which would be e^cpected to provide the 
most valuable clues for structural interpretation have yet : 
to be surveyed in detail. The writer has summarily '
traversed the north-east of B0r0j (Fig. 4) which is charac­
terised by a monotonous sequence of flaggy Ilellefjord 
Schist. Lower members of the succession are not repeated 
and folds of any appreciable magnitude are absent. Dr.
P.M. Âamsay has recently ^egun a survey west of langstrand- 
fjord but the results of this work are preliminary and as 
yet not known.
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A. First Generation Structures -
(1) Folds
The minor folds of known age fold a banding which 
in most cases is clearly of sedimentary origin. The 
primary origin of the banding is substantiated by sedi­
mentary structures. Over certain parts of the area, 
appreciable tectonic stretching has occurred; slip between 
lithological units and modification of the sedimentary 
junctions are of considerable importance in this conte#.
The primary schistosity, where present, generally 
parallels the banding and is related to the early genera­
tion of folding. Over a large part of the area however 
a penetrative schistosity is formed as a result of the Eg 
deformation. In such cases when the new schistosity is 
strongly developed, the earlier schistosity becomes almost 
entirely erased by the later rccrystallisation and mineral 
growth. The only evidence of an earlier fabric may be 
confined to that contained within porphyroblasts* The 
early minor folds are noticably fewer in number than 
minor folds. Evidence with regard to the precedence of 
folds is the refolding of one fold by another; in this 
instance, Fp refolding structures, it has been observed 
in only six localities, although other larger scale 
examples of refolding are demonstrable.
Tbe style of the early minor folds shows no great
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variation. Tight or isoclinal, symnetrically disposed 
structures prevail, of closed U-shape, as illustrated in 
Hates 33» 34, 35 and 36. Amplitudes of the folds are 
usually indeterminate and immeasurable, whilst wavelengths 
are as little as 6 - 7 cm. folds are neither perfectly 
concentric nor similar, with relatively little thickening 
at closures. Invariably, on account of the obliquity of 
a particular erosion surface or joint face, the fold 
closures have an apparent increased thickness. The sense 
of vergence of folds is unknown since it is impossible 
to differentiate between long and short limbs in these 
isoclinal folds*
lold closures display an axial planar schistosity at 
times visible only on close examination. Along the limbs 
of the early folds, schistosity parallels the banding.
This schistosity parallel to the banding is often a 
modified, essentially later planar element, the result of 
I'2 recrystallisation, stretching and slippage. In areas 
whore second generation folds abound, particularly in the 
flaggy Ilellcfjord Schist, the dominant schistosity though 
apparently parallel to the banding can be seen on detailed 
examination to be slightly discordant to it. This is 
represented, though here rather poorly, in Plate 34 in 
the pelite intercalations to the right of the tight early 
fold. The incipient stage in the development of an
Plate 53 • Ti^t Fi folds in 
psammite. North 
Skarvf jord shore.
Plate 34. Tight fold in psammite. 200 m. N. of 
R0a.bergodden, N.W. Skarvfjord.
Plate 55* Tight F. fold. Belief jord Schist, 1 km. 
N. of Belief jord.
Plate 36. F% folds in Belief jord Schist. West 
Skippemesf jord shore.
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fold is pictured here also.
Many outcrops of the closely banded psammites and of 
the Beliefjord bchist do not exhibit any noticable early 
folding, while others contain several fold closures.
Hate 35 illustrates one good example of an isoclinal early 
fold, but other less readily discernible fold closures can 
be located to the right of the main fold. Such fold 
closures can often be traced by following a particular 
lithological unit until the closure is located.
In the north Skarvfjord cliff- and coast-section, 
several minor early folds are prominent within the psammit- 
es of the Klubben Quartzite Group. Because of the ex­
tensive stretching phenomena associated with the Fg folding 
in this area, the present styles and amplitudes of early 
folds cannot be regarded necessarily as representative of 
typical early folds in the quartsites. They are clearly
modified by the later tectonic episode and much of the 
attenuation and thinning-out of limbs is attributed to 
this generation of folding (l^). On account of these 
later movements, it is not possible to determine the 
original style of the early folds prior to the reorganisa- 
tion of the structures.
It is usually difficult to easure axial directions 
i-jith any accuracy except where a fold is fortuitously 
exposed (Hate 37); in this case, the axis plunges some
Plate 57. fold in psammite. H.W. Skarvfjord.
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60^ to the south, although .this appears to be a much 
steeper plunge than is observed elsewhere. It is of 
interest to note that folds in this vicinity show 
plunges in the range 5*^ -15^  (to the S. - S.S.E.)*
Axial directions are rarely constant. Whether or 
not the curved axes are a contemporaneous product of the 
initial folding or whether they result from refolding is 
in many cases indeterminate. In other areas of S0r0y 
visited by the writer, folds with curved axes occur in 
some limestones, the curving being unrelated to Eg. Plate 
38 depicts refolded folds, together with an "eyed" fold 
(on a flat surface) in impure limestone from Langstrand.
The closed eyed fold results from axial plunges in opposed 
directions. The early folds are essentially flow folds 
and on account of this and the relative plasticity of 
the limestone during deformation, the inference is that 
axes could not be regarded as having any constancy of 
direction ensuing the folding. In view of this, it is 
conjectural to determine the extent to which refolding 
has contributed to the development of this closed fold 
pattern.
Nicholson (1963), seeking an explanation for certain 
closed eyed folds and other similar non-cylindroid&l 
structures in marbles of Central Lorway, partially rejects 
fold interference and regards their formation as a possible
Plate 58. Eyed foM in limestone, with other 
minor folds refolded by F2 structures* 
Langstrand*
Plate 39* Refolded F% fold* Mixed pelite/psamite 
lithology* E* Skarvfjord.
48*
result of uniaxial compression in one phase of movement.
This is a possibility favoured by the writer, moreso as 
curved have been demonstrated elsewhere on S0r0y*
Fold interference must not be entirely discounted however * 
Examples of refolding involving early minor folds are 
found in the psammites of the Ckarvfjordhamn area; Plate 
39 shows Ig refolding in partially granitised psammite*
In the coarse Storelv Schist and in the calcareous 
schists of the Falkenes Limestone Group, early folds are 
virtually absent but it is clear that the schistosity which 
is now deformed by structures is that which is elsewhere 
parallel to the a:d.al planes of folds* Apparent absence 
of early folds in the Ltorelv Schist is considered not to 
i ply the non-existence of such folds but to infer that 
the development of schistosity, along with later re- 
crystallisation, has dominated the rock fabric. Hence the 
accompanying folds are not discernible. The one recorded 
example of ^^ olds in the Ltorelv Schist is pictured in 
Plate 73(^)which clearly illustrates the tightness of style 
of such folds.
(2) Linear Structures ^
Linear structures occurring in rocks arc collectively 
termed lineations. They afford evidence of the direction 
of tectonic movement. In the case of tectonic transport 
and movement, the majority of linear structures indhatc
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that transport has been normal to the lineation direction. 
Clickensides are the most notable exception to this rule. 
Despite the presence of early folds in several members of 
the stratigraphical sequence early linear structures are 
lacking, this being partly a consequence of the second 
episode deformation which has tended to obliterate the 
earlier structures.
Fold axes, constitute a linear element. Unfortunate­
ly with fold axes, it is not usually possible to measure 
the direction and plunge with any accuracy. Early folds 
with curved axes have been described from near Langstrand 
and in other parts of £0r0y. Hence the usefulness of fold 
axial lineation is severely reduced. In the Lkarvfjord- 
H0nseby district, the few measurable axes show a depart­
ure of 0^-20^ from the local lineation trcnd^. The
average trend is 010  ^whereas trend 165^-170 .^
Intersection of bedding and schistosity, here 
essentially the linear elements produced by the intersec­
tion of 8  ^and is poorly represented in this area on 
account of the pervasive later rccrystallisation and more
Zanders (1946) usage of the tectonic co-ordinates, *a*,
*b* and *c* is adopted here ; is the direction of
tectonic transport, is the axis at right angles to 
*a* about which rotation occurs and ^c' is the axis 
orthO;..onal to the other two directions.
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intensive deformation*
Other tectonic linear structures such as boudinage,, 
nullioas, quartz rods and ■ ineral lineations, represented 
extensively in the second deformation phase, cannot be 
unequivocally recognised in relation to the early 
deformation*
B* Second Generation Structures -
(1) Minor Folds
Over the whole area of N * B0r0jminor structux^es 
associated with the second episode of deformation are 
extremely abundant and constitute the dominant linear 
elements in the region* It is usually possible to dis­
tinguish second generation minor structures, especially 
minor folds, by the recognition of certain criteria which 
show a reasonable conformity over the area* The main 
distinguishing features of î^ inor structures are :
(a) The banding (8^) and fundamental schistosity 
(82) is folded by second generation folds, with an 
associated axial planar schistosity (S^) which may or may 
not be penetrative.
(b) The presence of a lineation (in many cases) 
produced by the intersection of banding and schistosity.
(c) The presence of phyllitic lineation and crenula- 
tion folds, with an associated lineation.
(d) Boudinage and allied structures, clearly related
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to the production of folds.
(e) A conspicuous lineation of amphibole paralleling 
Fg axes in calc-siliceous schists and amphibolites.
(f) Quartz redding parallel to Fp fold axes.
(g) Folding of earlier minor folds.
(h) The style of minor folds though variable, is 
usually distinctive from that of f^^ ior folds.
As noted above the style of the second generation 
folds shows a good deal of variation. This variation is 
dependent upon;
(i) Local tectonic environment ;
(ii) Lithological differences.
With regard to tectonic environment and its influence 
on fold development, a comparative study of the f>karvfjordr 
hamn-H^nseby and the liellef jord-Skippernesf jord ax^ eas shows 
appreciable differences due solely to variations in fold 
intensity and abundance. Parts of the former ax^ ea have
been strongly deformed during the second generation of fold­
ing. This comparison is not entirely valid however, since 
the lithologies involved in these two sub-areas are differ­
ent. It is still possible to compare relative intensities 
of deformation within a homogeneous lithology. Again, 
the Bkarvfjordhamn area, largely Quartsite 3 of the Klubben 
Quartsite Group, can be compared with the identical litholo­
gy (facies variations apart) ctratigraphically below the
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Storelv Schist in the central and southern parts of the rcap, 
For reasons of fold style and abundance and also of 
lithological differences, descriptions of minor folds 
are divided conveniently and geographically into five sub- 
areas. Other minor structures will bo discussed later 
in the chapter.
A generalisation regarding minor folds is that 
they are almost wholly of asymmetrical style and arc, 
with few exceptions, overturned to varying degrees. The 
degree of recumbency of minor folds is generally con­
ditioned by the local intensity of deformation, but again 
lithological character is not unimportant in this context. 
Where interbedded psammitic and pelitic bands are foldfÇ» 
corresponding variations in style are noted according to 
lithology and position relative to the fold closures.
(a) The llellef jord-FinfMordnaeringen Area 
This is an area consisting essentially of flaggy 
rhythmically-banded. Belief jord Bchist.- It is a 2 - 3 km. 
wide area extending from the Lundhavn-Rellefjord coast in 
the south to the Finfjord peninsula of linfjordnaeringen.
As a rule, dips are shallow to the south-west ; in 
the south the major Belief jord byriform partly disrupts 
this general picture' and strikes swing round to E. - S.
On Finf jordnaeringeii, dips and strikes vary due to the 
presence of larger recumbent folds.
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The style of the Fg minor folds is fairly uniform 
throughout the outcrop of BeliefJord Schists, but local 
variations are apparent. host of this area constitutes 
the lower limb of a major fold, the BeliefJord Synform 
(p.îl5) and here the sense of overturning of the minor 
folds is towards the H.E. or E.M.E. Consequently the 
related axial planar schistosity is notably steeper than 
the banding. Moreover all linear elements exhibit a 
common parallelism. fonoclinic symmetry of movement 
thus prevails, wherein the ’ac* plane and deformation 
plane are coincident and the translation in this plane is 
normal to the axis which is an axis of binary symmetry.
Both in the western limb of the Hellefjord Cynform. 
and on corresponding limbs of the larger folds on Finfjord- 
naeringen, minor folds exhibit overturning or vergence 
towards the west or S.W. respectively. The axial planar 
schistosity is hero less steep than the banding. It is 
clear therefore that all minor Ig folds are normal or 
congrouB with respect to the larger Fg folds including the 
major Reliefjord Synform.
The congru!ty of minor folds here refers to the funda­
ments of Pumpellyrule - that minor folds verge towards 
the crest of a major fold. Though applicable here and in 
the vast majority of environments, the rule should not be 
regarded as an irrevocable principle. I olds are termed
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normal or congruous when they are in agreeance with the 
basic rule.#
Asymmetry is ubiquitous in these minor folds. The 
majority are overturned, many approaching recumbency, but 
with some the shorter limbs do not exceed the vertical. In 
several cases minor folds can be traced from unflexured banâj 
through to overturned folds of usually small wavelength 
and amplitude. Euch fold development is best viewed on 
an *ac* croBS""Ooint surface, which dispels the possibility 
that the increasing angularity of the fold is a fortuitous 
erosional phenomenon.
Invariably there is a thinning of the banding along 
the long limbs of minor folds and a relative thickening 
at fold closures and along short limbs (Plates 40 and 41).
In this respect, the folds can be likened to similar folds, 
though many variations are observed. Moreover parallel 
or concentric folds are also demonstrable (Plate 42) so 
that it is impossible to postulate any one deformational 
mechanism as solely operable in this sub-area. Clearly, 
various combinations of fle:airal and shearing echanisiiis « 
have to be considered.
bhere folds approach a similar style, shearing is 
often visibly more prominent and the axial planar schist- 
osiry, Sj, is penetrative. Over all this area of Holle- 
fjord Schists, is pervasive, though not always
Plate 40. Fg fold in Relief jord Schdet. Skipsvik#
Plate 41 " Fg folds. Relief jord Schist. Pencil 
parallels fold axes. Head of P inf jord.
Plate 42. ffionoclinal fold, Relief jord Schist 
West Bastafjord*
Plate 43* Fg folds, Relief jord Schist. Skipsvik.
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conspicuous, becoming less conspicuous where flexural 
folding is present and also where the lithology is less 
politic. Plate 42, for example, illustrates a flaggy 
lithology with a deficiency of politic material. This 
has seemini^ly been conducive to the production of concentric 
folds with a poorly developed S^: amphibole lineWtion'is
well developed here. I'Old style may vary within one out­
crop. Complimentary folds in Plate 4-5 are both flexural, 
yet one is V-shaped whilst the other shows a distinct Ü- 
form.
The Fg arial planar schistosity is best seen in the 
south of the area, particularly where the lithology is 
of a more politic nature. Plate 4-6 depicts the Sj schist­
osity transgressing the banding and early schistosity Sp, 
at 15^-18^. Sj is conspicuous in the darker polite but 
absent in the pale psammitic bands. Along the i.ordnes 
coast, weathering along both Gg and planes has produced 
a rather unusual surface with en echelon lozenge-shaped 
protuberances each ca. 1cm. in breadth. These are 
essentially Vmicro-mullions’. hearer the closure of the 
Hellefjord Bynform, the lithology is less flaggy, often 
simulating a fracture cleavage which almost obscures the
banding in places (Plate 4-7)*
ether allied aiinor structures include boudinage, 
quartz-rodding, fold- and cleavage—mullions and a mineral
40 cm.
Plate 44. Fg folds, Hellef jord Schist. South Finf jord.
Plate 45. Conplementary Fg folds of different style, 
Hellef jord Schist. West Bas tafjord.
Plate 46. Slaty Hellef jord Schist with Sj oblique 
to banding. West Lundhavn.
Plate 47# Fo ^^°ture cleavage (#8^ ) oblique to 
banding, Hellef jord Schist. Shaft of
hammer parallel to the banding. 
Hellefjord.
Worth
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lineatlon, all of which are described later. The alignment 
of amphibole is a noteworthy linear element, always 
parallel to the tectonic 'b'.axes.
The massive gneiss of this eastern area has clearly 
been subjected to Fg deformation, as evidenced by its 
wrapping round the Hellefjord Synform. On a minor scale 
F2  structures are seen. Along Ilnfjordnaerlngen, abundant 
minor folds of an accordlan or chevron nature (Plate 48) 
are partly responsible for the local increased thickness 
of this massive lithology. A linear element is repi'esent- 
ed by nodded quartz-feldspar clots (Plate 49). This 
lineation is seen everywhere in the garnetiferous granitic 
gneiss. lurther evidence of the Pg deformation of the 
gneiss ie illustrated in Plate 90; this depicts a thin 
gneiss band in the form of an elongated boudin. Such 
boudinage structux'es are common in,thin gneissic bands 
adjacent to the main body of gneiss.
The lenticular amphibolite sheets also exhibit clear 
evidence of having been deformed by Pg structures. The 
lineation of hornblezde crystals is notable. Recognisable 
minor Ig folds are infrequently present.
The interbanding of calc-siliceous psammite and 
garnetiferous pelite members of the Hellefjord ochist, 
competent and incompetent layers respectively, has favoured 
shearing stress as the likely major delormative mechanism
Plate 48. P« minor folds in granitic gneiss. Wear 
Veiviken.
i
Plate 49* lineation of quartz-feldspar on snrfaoe 
of granitic gneiss. Worth Hellef jord.
t.
Plate 30. Boudin of granitic gneise in partially 
feldspathized Hellef jord Schist* North 
Relief jord.
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in this environment. Certainly, fold styles and related 
minor Btinicturee point to shearing nechanisms as responsible 
for the development of many of the minor Ig folds* The 
presence of a number of folds of concentric style, however, 
also suggests a flexui'al-slip mechanism operative locally 
in a dominantly shearing environment* x.cgardless of the 
nature of the responsible and local deformative stresses, 
monoclinic symmetry of movement has prevailed in this area 
of affine deformation*
(b) The Skaxvf jordhamn-E^nsebyxrjOrd Area 
Along the eastern coastline of Band^fjord the Klubben 
Quartsito, and in the north-v/ost the Etorelv Schist, is 
involved in Fg folding of a higher intensity than that 
existing elsewhere. Consequently, second generation minor 
structures attain a stage of development not present in 
other parts of i’.l. Cjz^ r^ y. North of the Ekarvdal Fault, 
the sub-area comprises the near-vertical strata of the 
western limb of the Bkarvfjord Gynform (p.IJO), together 
with part of the shallow eastern limb. South of the fault 
the psammites belong entirely to the eastern limb of the 
synform (except for the island of Ekarvholm), the axial 
trace of which appears again near Hj^nsobynes.
This elongate 1 - 2km. wide coastal area has clearly 
been subjected to appreciable stretching and allied de- 
fox^mative processes of the second tectonic episode. The
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F‘2 folds deform an inverted sequence, as evidenced by 
current bedding observations# The regular V;. - S.W. dip 
of the banding is a consequence of the constant sense of 
overturning of the Ig folds towards the L.H.E#
I2 folds are often tight and near-recumbent, although 
this does not apply on the steep western limb of the Skarv- 
fjord Gynform. On this western limb of the major 
structure, tectonic thinning of quartsite bands is sometimes 
extreme to the extent of causing the disappearance of units; 
laminar slip and minor sliding can be demonstrated here. 
Fdnor folds occur infrequently in this near-vortical 
lithology and may e:diibit only incipient development *
The fold pictured in Plate 51 is characteristic of Fg ^^-iî^sr 
folds in this steep limb. The growth of the fold is well 
illustrated: extreme thinning of the limbs with comple­
mentary closure thickening is clearly seen. Such folds, 
traceable from nothing to a local maximum development, then 
diminishing beyond the zenith have been called "pod folds"* 
They may be arranged en echelon. The joint face in plate 
51 is transverse to the tectonic *b* axis and lineation. 
Although indistinct, an axial planar schistosity is mani­
fest in the closure zone. The politic intercalations 
exhibit microfolds and puckers which have a congruous 
cense of vergence. Moreover, microscopic examination of 
the quartzite shows the planar arrangement of micas to be
Plate 51. fold on west limb 
of Bkarvfjord Synform. 
N.W. Skarvf jord.
' - a #
VR'
Plate 32. ?2 folds in mixed psanmit^pelite. N.W. 
of H^ nsebyf jord.
59*
of this Sj trend.
Although some more acutely developed minor folds 
occur, many of the visiole folds are poorly developed 
here, but is conspicuous in the interbanded polite 
laminae. Plate 34 and lig. 8 illustrate the schistosity* 
Evidence of refolding - of by •“ is illustrated in 
lig, 8(a). This affords further proof that the incipiently 
formed iolds are later than the eai'ly structures.
The later schistosity, 8^, is additional evidence here, 
often evinces a fanning effect round the fold closures and 
short limbs.
Near Hpnsebynes the equivalent steep limb of'the 
synform extension exhibits similar phenomena to those noted 
near Skarvf jordhamn* ih Gixial planar shearing is
demonstrable together with the emplacement of aplitic veins 
parallel to the fold axial planes. Such later aplitic , 
veining is present, but less prominently, at Slcarvfjordhamn*
Thinning and pinching-out of bands occurs extensively. 
Thin, amphibolite dykes and sheets appeal' to have been the 
most vulnerable in this respect and may be drawn out into 
isolated "tectonic inclusions". This and allied structurel 
features are discussed latex' (p. 91 ).
The flatter, inverted eastern limb of the Skorvfjord 
Synform is characterised by an abundance of minor I2 ^olds 
and related structures not developed so intensively else-
FI G.  8.  I N C I P I E N T  ?2 
M I N O R  F O L D S ,  
N O R T H  S K A R V  F J O R D
( a )  R e f o l d e d  e a r l y  f o l d
( b )  P o o r l y  d e v e l o p e d  F2 
wi t h
p r o m i n e n t  j o i n t i n g  .
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whore $ Dips generally vary betv/oen 15^ and 40° to the
W.S.W. South of H^nsebyfjord the banding dips southerly.
Overturning of the minor '^olds is constantly to 
the B.N.E. A marked azial planar schistosity, 8^, is 
common throughout this area. It becomes particularly 
noticeable and penetrative where minor folds are profuse. 
It is possible therefore to map the axial traces of Fg 
folds of intermediate size by noting the attitude and re­
lationship of to the banding. When, for example, the 
dip of the banding is steeper than that of this 
particular observation is taken from the reverse limb of 
a larger fold. This criterion has been found to be un­
equivocally applicable in this area and environment.
Minor folds are generally similar, in both the 
descriptive and generic sense, invariably showing 
thickening at fold closures and also where short limbs are 
poorly developed. These features are displayed in Plates 
52 and 5)i which depict a normal and reverse limb (of a 
larger fold) respectively. In Plate 52 it can be seen 
that axial planes of the minor folds never exhibit perfect 
parallelism due to factors such as shearing, inconstant 
laminar slip and variations in lithology. Concentric 
folds are sometimes distinguishable. It is difficult to 
advocate a flexural mechanism as being solely responsible 
for their development, moreso where such folds occur in an
Plate 53* ^2 on reverse limb of larger fold.
N*W. of I^nsebyf jard.
Plate 54* Oblique section through Po minor fold. 
Psammite I Grasdalsnes.
Plate 55* Oblique profile of Pg folds. ?2
lineation discernible at bottom left. 
N.W. of H^ nsebyfjcxrd.
Plate 56* Fg fold and fracture cleavage in psammite. 
N.W. of H^ nsebyfjord.
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environment of similar folding. A considered possibility 
is that such a localised occurrence of a parallel fold is- 
a chance occurrence, and that the fold has not been generat­
ed by a simple flexural process. Several transitional 
fold styles occur which conform neither to the type pattern 
of similar folds nor to that specified for concentric folds. 
Similarly, an interplay of gaaorative mechanisms can be 
postulated.
Many minor Folds in the vicinity of Skarvfjordhamn 
and Grasdalsnes have been involved in pronounced shearing 
and stretching causing the thinning and severing of limbs. 
This is noticeable in a mixed psammite-pelitic lithology. 
lig. 9 illustrates a complex pattern resulting from this 
excessive shearing'. The drawing is of a joint face nearly 
at right angles to the ^2 lineation - not an oblique 
illustration as pictured in Plate 54.
Where folds are cut by joints oblique or sub-paralbl 
to the fold axes a misrepresentation of style results.
Such sections ttoough Pg folds are useful, however, in 
providing information on shearing and minor sliding in an 
approximate axial planar direction. Plate 55 also shows a; 
oblique section through minor Ig folds, the *b* linear 
element of which is prominent in the bottom left of the 
photograph.
Folds of a disharmonie style are occasionally present.
u-
U-
V-U
uJ
u->
cr
s h e a r  p l a n e
(0.)
19 cm .
(b.)
" o a k - l e a f  f o l d
(c.)
^ d ! )  A p l i t e  v e i n
w i t h  s h e a r e d - o u t  
m i n o r  f o l d  l i m b s
Fig. IO. Varying styles of Fi minor folds ,
Klubben Quortzite Group, H0nseby
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Fig. 10(b) shows the folding of a quart site band in the are. 
of a larger fold closure near Hirfnseby. Although the fold 
axes remain constant in direction and plunge, individual 
axial planes vary considerably; the writer has called 
the whole an *oek-leaf’fold. A similar disharmonie fold, 
here of an aplitic veinlet, is illustrated in Fig. 11, in 
which a deflection of the schistosity is quite conspicu­
ous. Other ?2 :^ old styles and patterns are shown in lig. 
10, which variously indicate fold closure thickening, 
thinning of limbs, shearing and boudinage features. Fig. 
10(a) is of interest in that it illustrates extremes of 
style within a distance of ca. 1 metre.
An uncommon occurrence, just north of Wnseby is that 
of a coarse fracture cleavage in fairly massive quartsite, 
the cleavage axial planar to the ^^Ids (Plate 56)•
This is a localised feature, possibly connected with 
adjacent shearing-out and disconnection of an amphibolite 
sheet, again parallel to the axial planes of F^ folds.
liithological control has a decided effect on the 
resultant style of -ilnor fold-s. The position in 
relation to fold closures also determines the intensity of 
development of folds. With politic horizons within 
psommités, puckers and crumples of small amplitude 
characterise the closure regions of folds of all magnitudes* 
A related axial planar scliistosity can be observed.
g a r n e t i f c r o u s
a m p h i b o l i t e
FIG. 11
F 2 m i n o r  f o l d s ,  
S k a r v f j o r d h a m n
\ N'r
■ a p l i t i c
30 cm.
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* Plate 57 is taken from the fold closure of the major 
SiCarvfjord Synform. Here, an a:dlal planer schistosity is 
not evident except on close examination.
ihriphibolite sheets are common in this area and ore
I
clearly pre-I^ in age (Plate' 58). Their true age relation 
-ships are discussed later (p.23B). The dykes normally 
e:±iibit a perfect schistosity (8g) related to the fold­
ing and may be drawn out into disconnected portions by 
associated shearing.
In s’zmraary, it is abundantly clear that minor 
folds on the steep limb of the i.ajor Gkorvfjord hynform 
have been confined in their growth, in contrast to minor 
folds characteristic of the inverted eastern limb. The 
causative factors for this retardation of fold development 
are considered to be the protracted shearing, stretching, 
laminar slip and thinning of lithological units synchronous 
with the P'2 deformation. Certainly, minor sliding and 
shearing are more pronounced in the steep limb than in 
the shallow limb of the major structure.
i'-.onoclinic symmetry of movement characterises the Fg 
deformation period of this Skarvfjord-iijz^nseby area, but 
the pattern is disrupted by cross fold warps which are 
present locally and which are regarded as having formed at 
a late stage in the tectonic episode. These folds are ' 
discussed on page 7? ; they are related to the development
i: .Asm
Plate 57. Fg minor foldo and corrugations in axial zone 
of Skarvf jord Synform* Cliff-top of North 
Skarvfjord*
Plate 58* Garnet amphibole 
sheet deformed ty 
?2 folds* Psammite 
partially felds­
pathized* 
Grasdalsnes*
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of boudinC'Ge and. conjugate shear planes, and result in 
variations of trend and lunge of the tectonic axes.
This sub-area also includes the schists which crop 
out to the h.h. of Ckarvfjordhamn, above the Klubben 
Quartsite Croup. At R^dbergodden and northwards along
the coast, the kyanite-garnet .schist dips at a steep angle 
to the west. Evidence of a high degree of tectonic sliding 
and shearing is manifested in an abundance of boudins, 
tectonic inclusions .and various segregatory bodies. Minor 
folds are few but microcorrugations and puckers, where 
present, denote a normal sense of vergence relative to the 
Ckarvfjord Synform.
Towards the north, the intensity of the deformo.tive 
features decreases. Minor folds are everywhere congru­
ous with respect to the larger structures, asymmetrical 
and overturned and are more numerous in the closure sonc 
and on the shallow west limbs of the gkarv Antiform (p.731).
further west, a semi-pelitic schist devoid of either 
garnet or kyunite, exhibits many tight minor folds, 
particularly well developed in closure regions of larger 
structures and where psammitic bands are present (Plate 59). 
lai axial planar schistosity, Sj, is pronounced here. Bio- 
tite-rich bands, 2-$cm. in thickness frequently show a 
perfect schistosity which fans perceptibly around fold 
closures, the schistosity planes converging towards the
Plate 59. Pp minor folds with axial planar schistosity 
in pelite hands* H*E* Sandf^jord*
Plate 60* Ptygmatic folding 
of aplite veins in 
schist. North of 
Rffehergodden*
Na. N W  SCHI ST  AREA,  
d.  N O R T H  H 0 N S E B Y ,
b. N O R T H  S K A R V F J O R D  
e, V E S T - S T R 0 M M E N - H 0 N S E B Y F J O R D
F o l d  a x e i
P o l e i  t o  Fj  o x i o l  p l a n e s  
B o n d i n q ^ s c h i s t o s i t y  l i n e o t i o n
Eq u o l  o r e o  p r o j e c t i o n s
c.  SK A R V F J O R D H A M  N -
- G R A S D A L S N E S  
f .  S K A R V F J O R D -
- H 0 N S E B Y
B o u d i n o q e  a x e s
C r o s s  f o l d  a x e s
P o l e s  t o  s h e a r  p l a n e s
P o l e s  t o  c o n j u q a t e  s h e a r  p l a n e s
Pl unqe  o f  i n t e r s e c t i o n  o f  c o n j u q a t e  s h e a r  p l a ne s
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cores of the folds# Allied to this^ the schistosity is 
refracted on entering the relatively more competent semi- 
polite# '
Along this East Sandfff jord coast section an outcrop of 
mica schist containing ptygmatic folding has been observed 
(Plate 60), the ptygmas of aplitic or pegmatitic material.
As de Sitter (1956) points out, "...the cause of the 
peculiarity of every ptygmatic structure lies in a 
difference in physical properties between the vein and 
host rock material”. There have seemingly been differen­
tial responses to the imposed stresses, the metadediment 
apparently less rigid than the vein during deformation and 
injection. The ptygmatic vein is non-schistose.
Late stage cross folds are also discernible in this 
L.W# schist area. They are to a large extent responsible 
for the variation in linear trends (see Mg. 12(a)) noted 
north of Skarvfjord# Hunges are southerly near Skarv- 
fj ord but north-westerly further north. This marked 
divergence in tectonic *b* axes seems to. be characteristic 
of the schist lithologies it occurs elsewhere in the 
StorelV Schist and also in the semi-pelitic lithology east . 
of Saksf jord. The quartzites of the Bkarvf joi'd-h^nsebygcrd
area do not show any such marked divergent tectonic trends. 
It appeal's that lithology is, in part, a controlling factor 
in the variability, or constancy of *b* axes. This has
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been noted by Eacisey and Sturt (1953, page 426 and Fig. 8) 
in the ICest Sandjz^f^ord area.
(c) Forth and Central Ax'ea
Essentially this is the broad and. elongate zone of
I
pcammiteo between the Ilcllef jord and Gkarvf j ord sub-areas 
already described, with the exception of the narrow lime-, 
stone/schist belt. Over much of. the northern sector dips 
are generally to the , becoming westerly inland from 
Il^nseby where the banding turns over through the vertical, 
then trending approximately h.f. - r.VJ. with a south­
easterly dip. The zone of vertical dips marks the axial 
trace of the hangstrand iintlform (p. )#
Although variations in fold style are apparent within 
the sub-area as a whole, a certain homogeneity of minor 
fold style exists in the region north of the Skarvdal Fault 
broken only by differences attributed to lithological 
change. v-ithin this extensive faksfjord region, axial 
traces of Fp folds of intermediate size are mappable on 
the Sj/banding relationship, whereby normal or reversed 
limbs are determinable (see map 2).
Minor and intermediate-size folds show a constant 
sense of overturning towards the north-east with associated 
8.W. dipping aidal pianos and variably developed a:d.al 
planar schistosity (Fig. 13); along larger reverse limbs, 
minor folds naturally show the opposite sense of overturniig
Plate 61. ?2 folds in mixed psammite/peyite.
800 m* E, of Skarvfjord*
Plate 62# Pg folds on reverse limb of larger Eg
structure# Head of Saksfjord#
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and are always congruous with respect to the larger fold. 
Asymmetry is again a characteristic feature of the Fg 
folding.
Where quartzites are more semi-pelitic in character 
(Hate 61) minor Ig folds tend to increase both in amplitude 
and recumbency with a corresponding increase of amplitude/ 
wavelength ratios. Thinning along limbs with complementary 
closure thickening are indicative of a similar style and 
mechanism of folding, (although appreciable thinning of 
bancs is only noticablc nearer the Ckarvfjord sub-area*
Where the lithology contains massive quartzite units, minor 
folds are lees acute with a smaller amplitude relative to 
wavelength, and in consequence, axial planes are.steeper 
relative to the banding (along normal limbs of major 
structures). Dimilaiiy, the ’fanning effect’ of axial 
piano cleavage or schistosity around fold closures is more 
conspicuously developed in a more competent (here quartzitiql 
lithology.
finer folding on the reverse limbs of large Fg iolds 
is normally leas acutely developed -than along the normal 
limbs* Consequently fold amplitudes are generally small 
as indicated in Hate 62.
- South of the Skarvdal fault and towards the zone of 
vertical dips representing the axial trace of the langstranc 
Antiform, second generation minor folds are less frequently
Plate 0. Conjugate Fg folds in semi-pelite. 200 m. 
east of Skarvf jord.
5 ctti.
Fig. 14. Conjugate F2 fold pair with associated shear 
planes. Semi-pelite. Aplite veinlet cross- 
hatched. 150 m. E. of Skarvf jord.
6 8 .
developed then in the Baksfjord area, but again show general 
overturning to the h.B. or E.N.E.
An.important exception to this rule is the occurrence 
of incongruous asymmetrical folds in a small area east of 
Bkarvfjord, Euch minor folds occur together with normal
congruous folds and it is observed that the development of 
both sets of folds, but more particularly the incongruous 
set, is sometimes associated with complementary shear 
planes. This is in accordance with the observations of 
hamsay and Bturt (1963) in the Btorelv area of r0v0y. The 
conjugate fold sets are better developed in semi-pelitic 
horizons of the psammites.
Both figure 14- and " late 65 illustrate conjugate fold 
pairs present in this area, the former showing distinct 
relationships with complementary shear planes. It is 
apparent however that the shear planes themselves have not 
initiated this fold pattern; where present, they have 
formed ensuing the actual folding. Even so, the folds are 
intrinsically shear folds, developed in response to a shear 
mechanism.
Only three true fold pairs have been observed in this 
small area, although non-conjugate abnormal folds (with 
easterly dip>ping axial planes) are also present. The 
normal, easterly-facing minor folds are the more numerous. 
Axial planar schistosity is rarely well developed, but
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tends to be more advanced in congruous minor folds than - 
in the incongruous fold sets. The axes of the two fold 
sets, contrary to those in the Btorelv area of Ramsay and 
Eturt, do not show any outstanding divergence of trend, the 
variation here in the order of only 0^-6^, Because of 
the scoxcity of conjugate fold observations east of 
Bkarvfjord, it is not possible to compare these occurrences 
with any accuracy or certainly with the pattern of fold 
pairs at ftorelv.
In consideration of the movement pictux‘e involved in 
producing these complementary folds, an arthorhombic 
symmetry prevails. This is interesting in that it is a 
localised vaxdant in an environment of monoclinic symmetry. 
Although, causally, symmetry is orthorhombic here, it is 
possible that a lower order of geometrical symznctry obtains 
i.e. triclinic; such a case could be demonstrated at 
Etorelv where abundant observations were conducive to a 
comprehensive amiyais. There the lower symmetry is a 
consequence of non-coincidence of the kinematic b-axis with 
the inclination of the layering, in turn due to the 
divergent conjugate fold axes. In the case of the Skarv- 
fjord fold pairs, the few recorded fold axes do not show 
any notable divergence of tx^ end.
East of n^nsebyfjord, the Elubbcn Quartzite Group 
takes on a more semi-pelitic aspect and the banding steepeng
J
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towards the closure zone of the Iangstrand Antiform.
Minor folds show an increasing tendency to face towards 
the h.C.Vh, axial planes less deep than the banding. ho 
conjugate structures are present however. liverywhere, 
axial planes and related 8^ schistosity, of both minor and. 
intex^mediate sized folds show a shallow dip to the V.’.E.h.
The development of minor folds in this area to the 
south of Hjgfnsebydalen has been controlled largely by 
lithology and also by position in relation to minor and 
major fold closures. there psammites dominate, minor Fg 
folds are sometimes asymmetrical but net overturned (if at 
all) to any large extent (Plate 64). In the semi-pelitic 
horizons, folds are invariably more acute in style often 
with a concentration of material at the fold crests cr along 
poorly developed short limbs (as in liste 65) where minor 
folds and crumples are abundantly developed. A fracture 
cleavage is occasionally present in the quartzitic bands.
I ith X'Olite-xich intercalations microfolds are characteristic 
of fold closures; an axial planar schistosity is often 
conspicuously developed.
At some localities, en echelon ’pod folds’ of 
variable size and style can be demonstrated where erosion 
surfaces permit. Fold axes are therefore rarely constant 
in plunge in one outcrop or set of outcrops; examples of 
cross fold warps, though not uncommon, are not present on
Plate 64• ?2 folds in psammite* 500 a* N. of lake 145
Plate 65. ?m folds in mixed
psaâait ^pelite.
North of lake 145 •
Plate 66. P2 minor folds in Upper Semi-Pelite near 
axial zone of the Langstrand Antifom.
1.6 km. N.W. of Lundham.
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the scale observed in Last Sandfzff jord.
I olds of a remarkably open style with wavelengths up 
to JOCm. are represented in the massive ’Quartzlte 2* east 
of Lake 2 5 0. These can be traced northwards into over­
turned structures nearer the closure zone of the langstrand. 
Antifom. To the south these open folds die out.
The main azi&l trace of the langstrand Antiform 
approximates to the outcrop of the Upper Cemi-Pelite for 
some 2 kilometres. In this zone of near-vertical dips, 
minor folds and microfolds are extremely abundant within 
the semi-polite lithology, with a prominent axial planar 
schistosity dipping generally to the h.E.VL Plate 66 
depicts minor folds of chevron style in a mixed pelite/ 
psammito rock type within the a:d.al zone of the major anti- 
form. In the tract of westerly dipping psaamites east of 
the antiforiaal axial trace, minor folds in thin politic 
bands verge congruously with respect to the major antiform, 
axial planes less steeply inclined than the banding,
Weakly developed cross fold warps are notable here, though 
of restricted occurrence. Lome 600m. S.L.E. of Lake 250 
a small area of complexly folded quartsites show 
trending between 110^ and lyO^. Poor exposure plus the 
possibility of undetected minor slides makes it difficult 
to integrate those minor structures into the tectonic 
picture other than by regarding them as the result of local
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Sharp, late-Ig trauEverse folds.
(d) Tiiei ¥est-gtrf?mi!ien-Velf'bukten /jreg 
lliis is the region in the south-west ccmprisinü the 
wide outcrop of lower- .-.emi-Ielite together with quartzites 
of a Buinl7 easterly strike. It is the least structurally 
consistent and conformaole sub-area, even though strati- 
graphical evidence - essentially current bedding - indicates
I
a regular yeurging to tae south, without repetition cf i
members.
The etcroographic plots (Fig. 15 (a) and (b)) of Pg 
fold axes and axial planes help to show the variations of 
fold attitude inherent over this small area. Cf particu­
lar importance is the spread of a:d.al trends, with a maxi- 
laum concentration oetv/eon 060^ and 090^, a lesser concen­
tration around lSC^-190^ and a scattering cf points be­
tween 190^ and 250^. This is pax'tly a reflection of the
j
strike swing ana . artly, and perhaps - ore important, due 
to axial trend varying in relation to the direction of 
fold overturning. ;
It can 00 scon that, whilst folds overturned to the 
S.2.1% with h .h •X.-inclined axial planes ,lunge towards 
060^-065^ (ill general), the majority of ig folds in this 
area are overtuiuied towards the n . r . w i t h  b.x.h. dipping 
axial planes and fold axes which plunge in the 085^-090^ 
direction (j^ ig. 15). Thus, two systems of minor folds
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Plate 67• Conjugate ?2 minor folds# lower Seni- 
Pelite, Veet-etr/An col#
Plate 68. P« minor folds In semi-pelite. Eàst 
Vest-str^ ffltten#
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are present with opposed senses of overturning and diverging 
axial trends. The two systems are complementary and con­
jugate, although only one or two recognisably conjugate 
fold pairs have been observed in any one outcrop. Hate 
b7 illustrates conjugate folds exposed on a transverse 
Joint iace on Vjst-atr^m Col.
A third system of i^ i^or folds is represented in 
this sub-area, the axes of which trend approximately K-S; 
axial planes are inclined W. or t.h.Vj. This system of 
folds is largely restricted to the north and east parts of 
the area where strikes are inconstant and roughly norther­
ly and where the complementary set is absent. Moving 
towards ¥est-Ctr)Z^m Col and Vedrbukten, fold axial direction 
tends to swing from N-8 through S.W. to the 240^ or 060^ 
trend. At the same time, the E .II.W .-overturned folds 
appear, reaching a maximum development in the col region 
(Plate 66) in the semi-pelitic lithology. It is not 
stxictly correct, therefore, to refer to the h-S trending 
folds as a separate system, insofar as they are correlative 
with the 060^ system.
Minor fold styles are much the same in the comple­
mentary systems, the degree of overturning dependent large­
ly on lithology. Plate 69 shows ^2 folds, with
I*.W.-inclined axial planes, in a more politic horizon 
near Vest-str^mmen, whereas Hate 68 is of a more psammitic
Plate 69. Fg minor folds in semi-pelite E« Vest-strfAnmen.
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lithology and shows some folds of a geniculate style # 
Thickening on fold crests is a common feature of these minoi 
folds, although it is rarely noted in the massive quartz!tic 
lithology, in which folds are relatively infrequently 
developed.
Axial planar schistosity is nowhere penetrative but 
may be present in both E.H.W.- and S.S.L.-overturned folds, 
moreso where politic material predominates. furthermore, 
shear planes ore frequently, parallel to ^2 planes.
It is evident that, on account of the presence of 
conjugate ^old systems, the movement picture reflects 
orthorhombic symmetry, except for the north-eastern sector 
of the sub-area where monoclinic symmetry is apparent. 
However, on studying the geometry of these conjugate fold 
pairs, the divergence of fold axial trend implies that the 
kinematic b-axis is not coincident with the banding. It 
follows that, geometrically, the conjugate folds have a 
lower order of symmetry, essentially triclinic end not 
orthorhombic, even though the movement picture favours the 
latter.
The recognition of complementary shears and fold pairs 
in this Vest-str^mmen-Veirbukten area is compatible with 
the work of Ramsay and Sturt (1965) in a similar B-W 
striking region around Storelv, some lOkms. §.W. of 
Vest-str^m Col. In both areas, fold axial trends diverge
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by some 20^, the differing trends related to opposed axial 
planar inclinations - basically congruous and incongruous 
conjugate folds. The work of the writer clearly corrobor­
ates that of I.amsay and Sturt, in what is essentially the 
"E.-W. strike belt” of Central W r ^ y . Dr. E.G. Appleyard 
(personal communication) has also found congruous and in­
congruous folds further to.the west in the E-t striking 
rocks of D^nnesfJord.
That conjugate structures have resulted from a shear 
mechanism of folding is generally accepted. Both fold 
systems are regarded as having originated during the same 
12  system of stresses, although it is possible that one may 
have developed slightly earlier than the other in the pro­
tracted H  deformation episode. lairbairn (1954) states 
that minor folds incongruous relative to a larger fold 
have developed in response to shear folding, "operating 
on an earlier flexure". He thus regards abnormally 
verging minor folds as non-contemporaneous with the larger 
fold. Field evidence in the ¥est-str^mmen area neither 
confirms nor refutes Iairbairn*s supposition although a 
shearing mechanism is responsible fox’ producing the fold 
pairs. The presence of an orthorhombic shear pattern in 
the "E-W belt" of Vest-strf^mmen and of Central gen­
erally, and the dominance of monoclinic symmetry in the 
"H-8 belt" is extremely interesting and will be discussed
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along with the major structures (p. % ) .
(e) The Schist-Iimestone Belt
The narrow.tract of limestones, Storelv Schist and 
Transitional Quartz!te cropping out some 15km. from 
langstrand to l-vest îinfjord is discussed separately on 
account of its relative lithological incompetency and dis­
tinctiveness of fold styles. Dips are generally to the 
W.b.u. becoming 8.8.E. or near vertical in the south with 
a marked swing of strike.
Minor Fg ^olds are seen most readily in the Trans­
itional Quartz!to, particularly in the region of steeper 
dips between Lunddalen and Langstrandf Jord. Tov/ards the
north this lithology becomes less distinctive on account 
of facies changes.
At Langstrand, Transitional Quartz!te exposed in a 
road cutting exhibits abundant chevron-styled folds (plates 
7 0 , 71 and 7 2), the acuteness of style proportional to the 
pelite content. In Plate 70 the thicker quartz!te units 
have an apparent flexural concentric style of small ampli­
tude and with wavelengths up to 1 metre, whereas the thin 
(0.5-4cffl.) psammitic bands of Hate 72 are of definite 
chevron pattern with wavelengths averaging only 8-12cm. 
Amplitudes are also in the order of 10cm. This is a. clear 
example of lithological control of fold development.
Plate 72 illustrates also, a pelite-rich band of
Plate 70. ?2 chevron folds in Transitional Qnartzite 
Group. langstrend road cutting*
Plate 71. Detail of part of Plate 70 ebcwing style 
of ?2 folds and development of boudinage#
Püate 72# Detail of part of Plate 70 diowing chevron 
folds and the accommodating effect of pelite 
intercalations.
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variable thickness with a partially developed a:cLal planar 
schistosity* It would appear that the incompetent 
pelite owes its present disposition to an accommodating 
effect relative to the psammitic members, during the 
deformation episode*
Despite the predominance of parallel folds in this 
locality a shear mechanism of folding is regarded as having 
been operative, in part at least, in the production of 
these structures* Plate ?1, a close-up of part of Plate 
7 0 , evinces the thinning of several fold limbs and the 
development of boudinage-mullions. Moreover, the fold 
axial plane is not a true planar surface* It is feasible 
therefore that the minor folds have been produced partially 
by shear and partially by flexure mechanisms. The micro­
fractures particularly noticable in the quartsite ribs of 
'late 72 may have a tensile origin but it is probable that 
they are analogous to rotational shear joints.
The ’abundance of minor 1 ^ 2 :^ olds at Langstrand is due 
to their position in a major fold closure region* Away 
from the zone of near-vertical dips which marks the axial 
trace of the major Langstrand Antiform, minor '^olds show 
congruous senses of vergence with regard to the major 
antiform. Plates 73(a) and 73(b) illustrate minor folds 
of Fg age in Storelv Schist on the upper and lower limbs 
respectively of the major antiform. The photographs, both
iPlate 73a* Fg minor folds in Storelv Schist with
F% fold discernible. Lower limb of Lang- 
strand Antifozm* 200 m. W* of head of 
lundfaavn*
Plate 73b* Fg minor folds in Storelv Schist* Upper 
limb of Langstrand Antiform* 800 m* W* of 
head of Lundhavn*
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taken looking at exposures some 800m* apart, P*W* of
Lundhavn, are characteristic of folds in the
schists of this southern area* In Plate 7$(a) an earlier 
fold is refolded by the structures# Plate 7^ depicts 
the garnetiferous schist containing psammitic ribs from 
this same general area, showing the development of an axial 
pàànar scliistosity (S^)*
Northwards from H^nsebyvatn, the Storelv Schist broad­
ens in outcrop near lake 170 on account of the increasing 
presence of Pg structures (Plates 75 and 78). Similar 
folds are clearly developed here, often with apj^reciable 
thickening at fold crests and with a quite marked axial 
planar schistosity (6g). The local deflection of fold 
axial trend through some 40^ is noteworthy (Pig. 16 (a)) 
partly due to oDss-folding but partly a consequence of the 
regional tendency for diverging tectonic axes in differ­
ing lithologies*
The limestones of the Falkenes limestone Group contain 
Fg minor structures in the south of the area, but towards 
the north in the Pinfjorddalen region, folds are rarely 
seen. Minor and microfolds become conspicuous in the 
limestones south of lundvatn, more particularly in the 
impure Upper Limestone in which diopsidic and tremclitic 
psammite ribs appear. These folds are in constant con­
gruous relationship with the Langstrand Antiform, axial
Plate 74" 5*2 folds in Storelv Schist• Axial
acne of Langstrand Antifarm. West of 
Lundhavn*
Plats 75* ^  minor folds in Storelv Schist. 1 km. 
N.KTB. of lake I70, Slarvfjordfjell.
Plate 76. Detail from Plate 75
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planes dipping at low angles to the L.W. - Around langstrand 
refolding of early folds by ?2 iolds can be observed (plate 
58), Commonly, however, the minor folds do not exhibit 
the acuteness of style as seen in the' schists and banded 
psammite.
The limestones in linf jorddalen rarely show 12 i’olds, 
although boudinage structures and minor sliding are fre­
quently present# Calc-silicate schists sometimes develop 
?2 microfolds, but in general the Falkenes Limestone Group 
in this northern zone of low dips is devoid of conspicuous 
folds# The absence of such structures is probably the 
result of excessive shearing and minor sliding, in this 
region#
(2) Cross-Iolds
Tectonic axes and lineations nowhere exhibit 
perfect constancy of direction and plunge. On a minor 
and micrO"-scale, en echelon folds are one cause of this 
variation, but in several localities a broad cross-fold 
warping constitutes an important part of the structural 
picture.
The general Skarvf jord-I10nseby area provides the best 
examples of cross-folds, although they are recognisable 
almost everywhere to a lesser degree# iold axial trends, 
though cometimes difficult to measure accurately, ai>proxi- 
mate to the tectonic direction of the deformation
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episode* Fold wavelengths vary appreciably, from several 
metres to 100-200 metres, the larger structures not easily 
distinguishable as gentle warp-folds but more as general 
culminations and depressions in the plunge of fold axes 
and lineations* Amplitudes of the measurable smaller 
warps rarely exceed 3 metres.
The presence of cross-folds results in local strike 
swings of up to.00^ and variation of *b* axial trends and 
lineations of as much as 24^ (near SkarvfJord). Such 
warps are often observed in association with conjugate 
shear.pianos which may sometimes be unequally developed* 
When the intersections of conjugate shears are plotted on 
a stereographic net, they are found to correspond almost 
perfectly with the measured cross-fold axes and also with 
boudins of metasediment, granite-gneiss and aplite which 
trend in the Fg tectonic ’a* direction (Fig. 12(f)). From 
this evidence it is considered that a close relationship 
existed between shearing, boudinage in ’a* and cross-fold 
warps during the Fp tectonic episode* Moreover, since 
these various minor structures are essentially a consequence 
of the folding, the inference is that cross-folds have 
developed during a later phase in the Fg deformation.
Tracing the sporadic examples of cross-fold warps 
throughout the area, their adherence to the F2 direc­
tion is reflected in a variable trend since the *b* axes
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are influenced by the regional strike and axial swing.
In the south where an E.F.E.-W.B.b. strike prevails, 
cross-folds are rarely observed; they tend to increase in 
development towards the area of intense shearing and stretch 
-ing around ll^nseby and Skarvf jord.
It would appear, therefore, that a relationship exists 
between sinuosity of tectonic lA axes - vis., cross­
fold warping - and intensity of deformation. In the P.W. 
area, the direction of tectonic transport is demonstrably 
towards the but also stretching and elongation have
occurred normal to this transport direction. The variation 
in trend and attitude of *b* lineations could then be re­
garded as the result of uneven and irregularly distributed 
transport towards the E.E.E., since maximum compressive 
stresses are not expected to be perfectly constant.
/mother more likely reason for cross-fold development, 
but probably working partly in conjunction with the above 
hypothesis, is a variation in tensile stresses in the i
tectonic ’b ’ direction. Variability of tension, orthogonal 
to the major compressive stresses, would necessitate the 
localisation of complementary stresses parallel to *b*, so 
producing the warps in the ’a’ direction. However,.a 
shearing mechanism is clearly associated with the production 
of cross-folds in this Lkarvfjord area, so that a movement 
picture involving both shear and tensional features must be 
envisaged as having been operative.
Plate 77. fold and axial planar shear with dis- 
rimted amphibolite sheet. H.W. of 
Hjmsehyf jord.
Plate 78. Pg fold and axial planar shear with dis- 
rioted amphibolite sheet. K.W. of 
Hçtasebyf jord.
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(3) Shear lianes and Elides
The complementary shear planes of the Skarvfjordhamn 
area and also those associated with the conjugate folds of 
Veststr^mmen are the ; ost conspicuous examples of this 
minor structure. Shearing is also developed, often 
' considerably, parallel or sub-parallel to the aâal planes 
of 1'2 iolds of varying magnitude. This is again particu­
larly well represented in the ‘karvfjord-Bpnseby region.
Amphibolite dykes are quite vulnerable to disruption 
by shear planes; two such examples are illustrated in 
Hates 77 and 78 wherein the lower limbs of minor folds 
have been partially sheared out. axial planar shearing
is usually more intensively developed than the conjugate 
shears. fold limbs may sometimes be sheared or slid out 
completely whilst in other cases, incipient shears may be 
developed paralleling the &3cial planes and Sj. Plate 
80 shows garnet amphibolite as an accommodating medium, 
squeezed along axial planar shears or fractures.
Difficulty occasionally arises in distinguishing 
between shears and slides where one seemingly grades into 
the other. Some minoB slides are probably the result of 
continued and lengthy shearing parallel to I2 Giidlal planes. 
Plate 81 depicts a minor slide, certain units in the 
sequence having been removed. legmatitic material occupies 
the plane of disruption.
Plate 79. Disrupted psammite 'band in semi-pellte. 
Shears parallel to ?2 minor fold axial 
planes • Blafj ell.
Plate 80. Garnet amphibolite penetrating Fg axial 
planar fractures and shears. Grasdalsnes.
Plate 81. Minor slide with associated pegmatite 
Psammite, W. H^ Aasetyf jell#
Plate 82. Minor slide in Lower Limestone. West 
Finf jorddalen scarp#
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Minor sliding is present in the limestones, moreso the 
Lower limestone, an example of which is illustrated in 
H ate 82. In the vicinity of iinfjord-col and traceable 
some 200m. to the south, a dark, grey-blue 20-60cis. thick 
slid© or shear-zone occurs near the top of the Lower Lime­
stone. This is an extremely fine-grained rock v/ith 
innumerable curved minor slide planes present together 
with streaks and wisps of dark-blue limestone, often giving 
the appearance of confused current bedding. Further 
evidence of its tectonic derivation is the conspicuous 
slickenside-like lineations on minor slide surfaces which 
trend roughly E.N.E., sub-parallel to the main direction 
of tectonic transport. The study of representative thin- 
sections of this lithology shows it to have a strongly 
cataclastic texture, composed chiefly of finely comminuted 
carbonate (see p. 172). In some exposures a 3-5cm. thick 
bi'ecciated band is present at the margin of the slide zone.
The limestones are extremely attenuated on the west 
shore of Finfjord and small-scale sliding is much in 
evidence where scree does not obscure the outcrops. It 
is probable that a slide of larger dimensions occurs in the 
ialkenes limestone Group of the Finfjord district.
Immediately south of Lundvatn, the apparent dis­
appearance of the Lower Limestone is due to extensive 
blocky scree at the base of a steep cliff of feldspathised
84#.
btorelv Lchist# Further to the south the limestone crops 
out again.
On the west limb of the hellefjord Eyncline, on 
Piki'jell,' just above the dioritic gneiss, a 2m.-wide shear 
zone contains lenticular fragments of nellefjord Schist in 
a partially sheared matrix of more politic schist, some­
times partly felspathiaed. iinor fold crests are pre­
ferentially preserved, their lineation quite prominent# 
Bimilar shear zones are noticeable along the Vardas-Kordries 
coast. These contain a melange of metasediment and amphi­
bolite material and are parallel to I2 uxial planes.
Along the steep west limo of the ikarvxjord hynform, shear-
ing and minor sliding-are fairly common as pointed out 
earlier.
The various evidence points to an Ig age for the 
majority of the structures described above# As-far as can, 
be detected, the sliding was generated during the Fg 
tectonism. It is possible that some sliding may have 
developed earlier, during in the limestones.
(4) Linear Structures
Several pervasive lineations of Fg age form an integml 
part of the structural picture. Of these, the fold axis -
has been discussed already. Together with this, the 
phyllitic lineation is essentially a lineation of micro- 
fold axes produced by small crenulations or puckers of a
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previously existing schistosity. These ere common in many 
pelitic bands, especially in fold closure regions.
The linear element defined by intersecting D-surfacee, 
here the intersection of and can also be dismissed 
summarily since its parallelism with the fold axes has been 
mentioned earlier. Ixcluding fold axes, phyllitic linea­
tions end intersecting E-surfaces, the linear structures 
requiring discussion are:
(a) Mineral lineation
(b) Boudinage and tectonic inclusions
(c) bullions
(d) Quarts redding
(e) Elongate grain aggregates
(f) Slickensides.
(a) Mineral Lineation
The linear preferred orientation of minerals parallel 
to the axes of folds is a characteristic feature of 
this area, though not developed in all lithologios* The 
minerals commonly exhibiting preferred orientation are 
hornblmdes, tourmaline and sillimanite, of which only the 
amphiboles are clearly visible in the field.
Throughout the outcrop of Beliefjord Schist, amphibole 
lineation is a consistent structural feature, the acicular 
or long jçrism&tic crystals paralleling the axes of 
folds (Hate 85). In these metasediments and also in the
Plate 83. Hornblende lineation parallel to Fg 
fold axis. Beliefjord Schist, West 
Bastaf jord.
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amphibülites, the hornblssnie or actinolitic hornblende 
crystallographic ’c* axes are regularly orientated in 
the tectonic *b* direction. This is a very constant 
Xnature in the calc-silicate lithology. Pétrographie 
studies of the amphibolitec reveal also a planar arrange­
ment of the (ICO) planes containing the crystallographic 
*b* axes (see p. 251)*
Siilimanite occurs only sporadically in schists of the 
Ialkenes Limestone Group and then as bundles, knots or 
trains of fibres which show a distinct orientation parallel 
to the tectonic *b’ direction. The white knots of fibrous 
sillimanite rarely exceed 1cm. in length. lineation of 
the fibres can be seen perfectly on a microscopic scale.
Tourmaline is an accessory mineral in much of the 
Storelv schist and shows a preferred orientation parallel 
to I2  8xes, on a microscopic scale. Other minerals which 
sometimes exhibit an orientation on a microscopic scale 
include kyanite and garnet. The occurrence of elongate 
garnet is uncommon - in schists also containing fibrous 
sillimanite. It should not be confused with trains of 
fragmentary garnet, also displaying a linear arrangement 
as a result of Ig deformation. The stretched garnets are 
similar to those described by Wilson (1911) from Scotland, 
but differ in that the Scottish examples have been fractur­
ed transversely and cemented by recrystallised quartz.
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Those from L^rpy depict a slightly earlier stage in the 
stretching process. The length to oreadth ratio averages 
1.7:1 for fC garnets; the- aximum stretching ratio lor 
garnet is 5.3:1#
(b) Boudinage
Boudins represent a linear structural element and are 
developed by the tectonic disruption or lateral extension 
of competent layers in a yielding incompetent host-rock.
They occur ideally in the banded psammites and limestones, 
exhibiting variable shapes depending on lithology, environ 
-ment and genesis.. Typically, the boudins are sausage-, 
lozenge- or barrel-shaped in cross section (Plates 84 and 8^' 
but are often pillow-like in form when viewed in three 
dimensions. Boudinage is also represented in jj^natites, 
granite gneiss and quartz veins throughout the area.
It is significant that the elongation direction of 
boucins is parallel to the axial trends of local H  folds.
In certain parts of the area however tue orientation in 
’b* is complemented by a direction of boudinage approximate 
-ly normal to the Fg fold axes. Thus, boudinage is 
present showing two orthogonal linear elements, developed 
during the same deformation episode. The axial directions 
and plunges of boudins are depicted on the various stereo^ 
graphic plots. This type ox boudinage is discussed later.
The variety of boudin shape is directly related to
Plate 84* Boudii» of calo-eilioate *band8 in lime­
stone. West Finfjorddalen scarp.
Plate 85. Boudinage in Transitional Quartzite Group 
West Lunddalen.
Plate 86. •Double boudin* with recrystallized quartz 
at the nodes. Transitional Quartzite Group, 
West Lunddalen.
Plate 87. Boudinage of pegmatite in Belief jord Schist 
N.E. of Hj^ nsebyvatn.
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lithology and the stage of boudin development. Quartzite 
bands in particular may show the initial stages of boudin­
age, producing thinning or "necking" (hast, 1956); this 
is referred to as incipient boudinage wherein the segments 
are not separated. The nodes of the boudins - the 
constrictions between the individual boudins - may or may 
not contain recrystallized quartz. Where boudinage is 
fully developed, recrystallised quartz or calcite, depend­
ing on lithology, is invariably present at the nodes.
The barrel- or lozenge-shaped boudins described by 
kamberg (1955) and hast (1956) are developed here, but with 
certain variations. In the Transitional Quartzite 
psammite bands develop into quite elongate sausage-like 
boudins, whereas boudins in tremolite-rich horizons in 
calc-silicate schist are often stubby and bax^rel-shaped 
in cross-section within the boudin, discounting variations 
resulting from oblique sections. Thus, sections normal 
to the boudin axes near the nodal region may show a 
lenticular shape whilst a section cut from the middle of 
the same boudin shov/s a blunt barrel shape.
The relationship of shape to origin is important and 
structurally significant. The origin of boudinage has 
been discussed by many authors including Gloos (1947)» 
Bamberg (1955) and hast (1956). That the evolution of 
this structure requires a competent layer between incom-
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petent ductile layers is generally agx*eed. Lith com­
pression normal to the banding, lateral elongation within 
the banding results. Tensile stresses are consequently 
set up. The mechanical properties of the boudined 
lithology are important and determine the ultimate shape 
and separation of the boudins; the stage of development of 
tensional fractures is critical also.
hast (1956) postulates two main boudinage mechanisms;
(i) By "necking". This is initially wholly . 
tensional. It implies lateral extension of the competent 
material and embraces the pinch-and-swell structures of Kami 
-berg (1956). Ultimately fracture occurs when the plastic 
limit is passed. Barrel- and sausage-snaped boudins can 
be included in this categoxy.
(ii) In the development of rhombic and lozenge-shaped 
boudins, existing joints are visualised as surfaces of 
movement, the individual segments being rotated.
Ho straightforward examples of the latter mechanism 
are demonstrable in the writer’s area, but Plate 89 ©hows 
partially rotated boudins of phyllite in limestone. 
Movements along rotational shear joints resulting from a 
shearing couple could be envisaged as responsible for the 
pattern illustrated. At the same time, purely tensional 
phenomena are manifest in neighbouring boudins and also on 
a small scale within the rotated segments.
Plate 80• Boudins of granite gneiss - axes trend in 
the ?2 direction. Hananer shaft parallel 
to ?2 lineation. Near Grasdalsnes.
Plate 89. Rotated houdins 
of phyllite within 
limestone. 
Langstrand.
Plate 90. Boudinage of aplite around ?2 l^ ote
quartz at nodes* Storelv Schist, N*E. 
Sand^ fjord*
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In the Ckarvfjord region, boudinage in granite gneiss 
displays trends in both the and *b* directions: in
any one exposure or band, cue lineation dominates. They 
are not usually equally developed. A characteristic 
feature of the * a *-trending boudins is their association 
with conjugate shear planes or with one strongly developed 
shear plane; Such boudins are frequently arranged en 
echelon where lithology has allowed; On the other hand,
*0 ’-boudins are rarely associated with shear planes in this 
area, and at times resemble pinch-and-swell structures.
Gmall ooudin structures are sometimes visible within the 
larger boudins: this is observed particularly in granite
gneiss*
It would seem-therefore that a third category of 
boudins, developed by complementary shearing, can be added 
to those described by East (1956)* Although the ’a* and 
*b* elongated boudins arc broadly coeval, it would appear 
that the boudins controlled by the conjugate shears are 
slightly later in development-. The shears which cut the 
’b* boudins and fold axes have themselves formed in response 
to the tectonic stretching in *b*-. .Both orientations 
of boudins are regularly fractured, either by *ac* joints 
or by a conjugate set of shear joints. The jointing is a 
later phase of the episode.
b'ithin the îalkenes limestone Group, boudinage is
Fi^ . 17. En échelon arrangement of boudins. Tremolite^  
diopside schist9 Falkenes Limestone Group. lîorth 
of H^ nsebyvatn.
a.
Icm.
h.
Icmt.
Figo 18 (a) Sheared plnch-and-swell structiipe in
quartz ite with quartz along the plane of 
fracture. Also two aplite veins present. 
Skarvf jordhamn.
(b) Boudins of tremolite-rich phyllite in 
limestone showing fracturing and separation 
of boudin segments. Above hangs trend.
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generally profuse and often observed in two directions.
This is analogous to wegmann’s (1932) "chocolate-tablet" 
structure in Delgiuii.. • however, in certain e%a:iples in 
calc-silicate schist, where a three-dimensional picture is 
obtainable, pillow-shaped segments are clearly arranged en 
echelon (fig. 17). In such cases only one true alignment 
is present, this being ht re in the 'a* direction. ihe 
observed sineraL lineation in the schists is however parallel 
to *b*. It is significant that boudin orientation in 
*a’ is parallel to the direction of movement of Ig folding 
and that the profusion of ’a* boudins is confined to zones 
wherein sliding has been observed, with related slickenside 
striae parallel to
A further observation is that at the triple nodal 
junction, a small cavity is often present wholly or part­
ially infilled with quartz or calcite. This would appear 
to be incompatible with Kast’s 1.1936 suggestion, reforing 
to nodes, that, "it is not likely that at any time curing 
the deformation an empty cavity existed within the r od".
Tectonic Inclusions
These are- isolated bodies derived primarily by a 
boudinage mechanism, but involving extreme separation of 
the segments. The amphibolite bodies within the Ilelle- 
fjord Schist are large-scale examples of tectonic inclus­
ions; Plate 92 shows a cross-sectional view of a small
Plate 91# Segregation or tectonic inclusion of 
pegmatite in Belief jord Schist. N. of 
Seterenvatn.
»
Plate 92. Tectonic inclusion of amphiholite in 
Belief jord Schist.
Plate 93* Garnet-pegmatite segregations* Hellefjord 
Schist, Skipsvike
%
30cm.
Fig* 19. F g fold closures (in qiiartzite lands) pre­
served in a strongly sheared semi^pelite. 
South of Skarvf jordhamn*
92*
amphibolite pod, elongate in the F2 direction* It is
probable, as mentioned previously vhat the amphibolite bodies 
represent tectonically transported severed segments of the 
Storelv Metagabbro* Their elongation direction always 
parallels the local Fp fold axes. Pegmatite segregatory 
bodies are often represented as tectonic inclusions, an 
example of which is shown in Plate 91*
The isolation of fold closures by the extreme thinning 
and shearing out of limbs (Fig. 19) affords another mode of 
origin for tectonic inclusions. These relict fold closures 
are essentially compressional and shear structures in con­
trast to the tensional nature of boudins.
Plate 93 is a special case of pegmatitic material 
enclosing broken garnets, showing a lenticular shape, but 
again elongated in the *b* direction. The surface in 
the photograph is an *ac* joint. Within the Reliefjord 
Schist of the Finfjord area, disconnected pods of pegmatitic 
material with recrystallised diopside occur along axial 
planes of F^ folds. In sporadic examples, the pegmatite 
is more continuous. It was apparently emplaced synkinemat- 
ically, with separation of the segments either synchronous 
with the folding or slightly later in the tectonic episode.
In the limestones occasional tectonic inclusions of 
segregatory actinolite are present (Plate 23), while calc- 
silicate pods have been noted in the Storelv Schist. All
Plato 94. Clos^je^o-mullloaa la  1 -w la L .
Plato 95* Cleavag€iHHullion8 lu Relief jord Sohist* 
Relief jord.
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such tectonic inclusions show a dimensional elongation 
parallel to the direction.
(c) Huilions
Mullion structures are on uncommon linear element in 
K.iii. but where present afford additional evidence of
the movement picture during the F 2  deformation. Though 
generally associated with folding, mullions have been 
classified by Wilson (1953) on the basis of morphogenetic 
character.
The Reliefjord Synform closure region of near-vertical 
dips provides excellent examples of cleavage mullions, 
illustrated in Plates 94 and 95# These are formed by the 
prismatic parting of the rock along intersecting cleavage- 
aud bedding-surfaces, producing the grooved pattern seen in 
the photographs. Wilson (1953) attributes the rounding of 
the mullions wholly to tectonic effects (movement along the 
cleavage planes), but the smoothness of those exposed above 
Reliefjord is undoubtedly partly a consequence of weatheringj 
fresh, cleavage-mullioned surfaces are more sub-angular in 
sectional form. The mullion lineation coincides with the 
•b* axes of the Fg folds. Moreover, the prominence of 
transverse *ac* joints is noteworthy.
In the H/tfnseby-Skarvfjord area, both fold- and ruler- 
mullions occur* in the psaimites, although they are never 
prominent structural features, as is boudinage. In Plate
94.
1 0 7 , a conspicuous joint pattern can be related to the 'b* 
lineation of the mullions, there being transverse, longi­
tudinal and conjugate shear joints present, Ruler-mullions 
are extremely elongate and flattened in appearance as the 
name suggests, and are produced essentially by a very low 
angle of cleavage/banding intersection. They are flat to 
discoidal in transverse-section and are genetically a type 
of cleavage-mullion.
The coincidence of mullion elongation with the tectonic 
'b' axis is clearly demonstrated and the single plane of 
symmetry, normal to the mullion axis, implies tliat symmetry 
is monoclinic.
(d) Quartz Rodding
These are elongate, sheared out and partially rolled 
quartz segregations and veinlets, the axes of the rods again 
parallel to the local Pg fold axes. All manner of grada­
tions from boudined quartz veins to cylindroidal rods may be 
observed, almost exclusively within the Hellefjord Schist 
lithology.
The abundance of quartz segregation veins in this 
flaggy semi-pelite indicates their origin as prior to the 
major Fg movements and most probably coeval with the main 
regional metamorphism. Generally the quartz veinlets lie 
in the banding. They are deformed to varying degrees by 
F 2  folds, depending on the extent of shear folding. The
Pîatô 96. liodded quarts aegrei^ tioos, Hellef jord 
Schist. 900 m. E.N.B. of Lengstrand.
w'.iVM’
Plate 97 • Segregatory quartz deformed hy ?2 minor 
folds. Hellef jord Schist, Skipsvik.
Plate 98$ Segregatory quarts lent ides parallel to 
Sj$ :fellefjard Schist, Pinfjorddalen.
Plate 99* Transverse section of rodded quartz*
Pencil parallels Fg axial planes* Hellef jord 
Schist, West Hellef jord coast*
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ultimate product, long, separate rods of quartz roughly 
circular, oval or discoidal in cross-section, present a 
pronounced lineation, but this perfected stage of develop­
ment is not so common as the intermediate structures.
Various examples are depicted in Plates 9 6  to 99 and also 
in Fig. 20. It la significant that the quartz lenticles 
are drawn out parallel to the axial planar schistosity, 
S^, in the formation of quartz rods (Fig. 20)«
In longitudinal section, rods vary from true rod-like 
forms through elongate lenticles to connected boudins.
A regular structural feature of the rods is the close 
fracturing transverse to their elongation, i.e. essentially 
'ac' joints. Where rodding is better developed, jointing 
is likewise more conspicuous mid oblique shear joints may 
develop. Rodded quartz is sometimes accompanied by re- 
crystallised calcite and occasionally by diopside. Along 
West Skippernesfjord elongate rods or lenticles of calcite 
(with some quartz) are not uncommon, axes trending parallel 
to the tectonic 'b' direction.
(o) Klongate Grain Ae&renates
The Gannes "slump lithology" exhibits a perfect linea­
tion of thin rod- and spindle-shaped aggregates of equant 
quartz and microcline grains (Plates 28 and 29). It is 
possible that part of the elongation of the grain aggregates 
may be of primary origin, as discussed earlier. Tectonic
10 ca.a
•\ X '
d.
30 cm.
Fig. 20. Field sketches showing the development of 
quartz rods in Hellef jord Schist» In (a), 
quarts segregations are boudined» With more 
noticeable Fg axial planar shearing, the 
segregatory quartz is broken up into detached 
fragments with the ultimate cross-sectional 
form as seen in (d).
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influence is more obvious however.
In the garnet-hoi'nblende gneiss, a coarse linear 
element is exhibited by elongate clots of quartz-plagioclase 
or qus.rtz-microcline-plagioclase (Plate 4$).
(f) Sllckensides
Slickenside striae, unlike the preceding linear 
elements are not pervasive; they occur on discrete surfaces 
of discontinuous movement, associated with either faults, 
slides or bedding plane slip. Those observed in the N.E. 
Sjdrjdy region are related to the F g tectonism, particularly 
with the Skarvdal Fault where two directions of slickenside 
striae are noted (p. 99 ), Striae along slide surfaces have 
already been discussed. These are disparate from other 
lineations in that their trend is parallel to the direction 
of tectonic transport and not normal to it.
(5) Late Fg Structures
Although there is no emphatic evidence of a third 
episode of folding, late microfolds are noted from four thin- 
sections. These structures clearly deform the schistosJy 
and are representative of the D.ater brittle phase of the Fg 
generation of folding.
Microfolds, associated with micro-shear planes, disrupt 
the Fg schistosity, S^, in a calc-siliceous schist near 
Basteidet. Biotites are bent through 90°, amphibole and 
pyroxene are fractured and granulated along the shear planes
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and plagioclasG is often fractured. In a flaggy garnsti- 
ferous schist from Setervatn, late strain-slip movements flex 
the schistosity, resulting in chloritisation of both 
biotite and garnet.
Fault zones often exhibit minor and microfolds with 
appreciable shearing and cataclastic features. , These are 
also post-8... They are considered elsewhere (p. 100) as a 
late phase of the Fg deformation since they can be related 
to the Fg movement picture and stress system.
As noted above, diaphthoretic phenomena are associated 
with this late, brittle phase of deformation. The retro­
gressive metamorphism is discussed later (p.180).
m' } , Æv',
Plat© 100. Hbrth Stairvfjord cliff-face showli® section 
through the Skarvf jord Synforo.
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II FAULTS
The pattern of faulting over the area as a whole shows 
clearly defined trends (Maps 1 and 2 in cover). It is 
clear that a relationship exists between the general strike 
direction, Fg lineations and the disposition of the faults; 
rose diagrams (Fig. 21) help to indicate the major trends 
for,the northern and southern halves of the area.
A great majority of the faults are dip faults or faults 
showing small angles of obliquity to dip. dtrike faults 
are notable around Hellefjord where the presence of the 
massive garnetiferous hornblende gneiss is helpful in 
determining dowitbd’ow and amounts of downthrow.
In the several instances where it is possible to observe 
or determine the inclination of-the fault plane it is found 
that faults are, vfithout exception, normal faults, the hang­
ing wall having been displaced downwards relative to the 
foot wall. The assumption here is that the displacement of 
the crustal blocks relative to each other has been dip-slip. 
Quite a few faults show evidence to this effect in the 
presence of frictional drag features simulating monoclinal 
folds (Plate 101), The Hellefjord Fault, for example, 
shows a local increase of dip in the flaggjr schists from 10° 
to adjacent to the fault plane.
The only observed evidence of horizontal movement along
Plate 101. îkult (traced from bottom left to centre 
baokgronnd) showing local steepening of dip 
Above N. Hellef jord*
Plate 102. Fault-breccia. North Skarvf jord Shore#
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a fault plane is from the dkarvdal Fault in the Veiviken 
area. Here, sliekensldes are noted paralleling the fault 
plane, the striations showing a plunge of ld^l2° to the S.W. 
Stepped features on the slickensided surface denote a dextral 
sense of relative movement, which is in accordance with the 
displacement of the lithologles and fold axes (see Map 1). 
However, near-vertical sliekensldes occur along the same 
fault plane, which is substantial evidence of near-vertical 
movement. This seemingly contrary evidence of displacement 
along the Skarvdal Fault could feasibly be regarded as indi­
cative of two separate movements along the fault, developed 
in response to differing or changing stress conditions. It 
wo’ild appear that vertical displacement has been of far 
greater magnitude and significance than the horizontal 
movement. This is perhaps best demonstrated where the Skarv 
-dal Fault cuts the Hellefjord Schists, towards Velviken.
S.E. of the fault, second generation folds constantly face 
H.E», being steeper than the banding, whereas N.W. of the 
fault, F.^  folds verge southwestward.s, axial planar schistosity 
notably less steep than the banding.
Zones of brecclation are well-developed along several 
fault planes, particularly the Skarvdal Fault and also in 
association with the faults in the neighbourhood of Hellef jod, 
On the north coastal section of Skarvfjord, a 1 metre vri.de 
fault breccia is exposed at low tide, vrith an adjacent
Plate 105. Exposure of Skarvdal Fault (with hreocia). 
300 m. W.S.W. of Velviken.
w.
Plate IQ4.. Skarvdal Fault - breccia. 300 m. W.S.W. 
of Velviken.
Plate 105. Normal fault. Head of Hellef jord,
Ik
Plate 106. Exposure of Hellef jord Fault. îvfetaeedimeut 
here adjacent to hornhlende-hiotite granitic 
gneiss. Head of Hellef jord.
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"shatter-zone” of closely spaced fractures (l-3cm. apart) 
parallel to the brecciated fault plane. A conjugate set 
of shear planes (acute angle 22^) is also recognisable, 
the acute angle bisector of which is parallel to the main 
fault plane. Minor faults paralleling the major fracture 
are present in this general fault zone, one or two of 
which are identifiable as reverse faults.
The breccia (Plate 102) contains an^;ular quartzite 
fragments up to 20cm. in length, and also fragments of 
granitic material and feldspathized metasediment foreign 
to the immediate vicinity. Cavities in the breccia have 
been infilled with calcite.
Late calcite infilling and recrystallisation is also 
a characteristic feature of the breccia exposed above 
Velviken, again along the Skarvdal fault zone (Plates lOJ 
and 104). Here though, the breccia is of flaggy schist 
fragments, and is crumbly and clayey, often resembling 
cemented rubble and rock flour.
The Hellefjord fault and the associated parallel 
strike faults exhibit brecciated zones of variable width 
(up to 1.5m.) (Plates 105 and 106). The fragmentary rock 
is frequently mylonitic in appearance. The effect of the 
induration of the breccia is to produce ridge features on 
the plateau (Plate 101), in marked contrast to the normal 
topographic expression of faults - gullies and breaks of
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slope. The breccias in the Hellefjord area appear to be 
normal faults in that frictional drag features provide 
evidence of vertical movement. All hade to the £.W. or 
£-.L. at angles varying from near-vertical to 25^, and 
nearby parallel minor faults are often demonstrable. 
Moreover, measurements at different exposures along any 
ore fault plane show varying strike and hade values.
kith regard to the amounts of downthrow on faults 
throughout the area,.values have had to be estimated in 
the case of the major faults. The Skarvdal Fault has an 
approximate throw of some.80m. in the I infjord area, 
although this figux'O may be higher towards the N.E. In 
the Hellefjord area, the Hellefjord Fault throws down 
to the
An examination of the fault patterns illustrated in 
Fig. 21 reveals notable trends of fault plane strike.
The rose diagrams have been constructed utilising strike 
readings to the nearest 5^.
In the nox*thern sector, a pronounced maximum of 
around 050® is evident with minor trends of 105 and 170 % 
The relatively constant strike of the banding and the 
lineations of structures in this area have considerable 
bearing on this fault pattern. The F2 *h* lineation 
maximum plots out at approximately 1?G^, the main folds 
constantly facing L.IC.E. An explanation of the fault
o0 3 033
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pattern can thus be formulated on the basis of the direction 
of tectonic transport (of I2  folds) having been towards c&. 
080®. This direction bisects the angle between the‘050® 
and 105® faults, so that it is possible to regard these as 
a conjugate set of first-order shears, one of which (the 
050® trend) has been greatly developed at the expense of 
the other.
The outcrop pattern resulting from a K.W. downthrow is 
identical to that expected from dextral horizontal movement 
in such an area of westerly dipping strata. Cnly one 
fault plane exposure indicating near-horizontal movement 
has been found, however, but it is possible that other trans 
-current faults do exist. It is significant too, that 
85^ of the 050® trending faults are downthi’own to the K.W. 
Tectonic stretching in the * direction would suggest
that the Cf>0® faults are partially of tensional origin 
although being a shear set related tc the major compressive 
stress.
The southern half of the area shows a more complicated 
pattern of faulting (fig. 21 b), the complexity of which is 
due to the swing of strike. Thus, dip faults vary 
appreciably in trend.
Ka>J.ma of 165°, 153° and 045° aro manifest, with 
lesser trends of 140°, 110° and. 088°. It Is difficult to 
resolve these trends into any definite stress field, but
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this is understaudable considering the variable strike and 
lineation directions. The faulting clearly post-dates- 
the second generation folds, yet has developed largely in 
response to the compiles si onal stresses which produced the 
]?2 folds. laulting, a brittle phenomenon, occurred after 
the rocks had attained a certain rigidity ensuing the 
relatively plastic folding episode.
In this southern area, over 85K of faults trending 
between 140® and 105® are doivnthrown to the 8.W., whereas 
those trending at 045® are constantly downthrown to the 
h.Vi. fig. 21 a depicts fault frequencies for the whole 
area. Major trends of 045®-055® and 140®-165® are out­
standing, with the h.f. frequency particularly strong; the 
absence of faults in the 170®-055® sector is noteworthy. • 
It is of interest to note that in the West Sand^fjord area 
mapped by Dr. Sturt, normal faults trending 160®-1 ?0^%re 
common in strata having an approximate E.-Vf. strike.
This accords well with the observed faults in the E.-VJ. 
strike sector of the Langstrand area.
On relating the pattern of faulting to a "movement 
picture", it seems probable that the majority of faults 
can be resolved into-a stress field concomitant with a 
waning of the tectonism at a time when the- rocks had 
become quite rigid.
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Ill JOINTS
Joints are significant features in all lithologies of 
the area, although they tend to be less conspicuous in the 
politic schists and limestone. They attain their maximum 
development as major fracture planes in the quartsites and 
also in the massive garnet-hornblonde gneiss, particularly 
along Finfjordnaeringen.
Though essentially fracture planes along which there 
has been little or no displacement, joints frequently show 
displacements of several cms. This is especially notice­
able in the quartsites of the coastal tract south of 
Skarvfjordhamn, an area of intense stretching in the tecton 
-ic 1*2 *b* direction* In several instances, the major 
055®-040® oblique or shear joint shows frequent displace­
ments down to the S.L. - relative movement is always normal 
(Fig. 22). It is interesting to note that displacements 
occur more frequently where joint planes hade between 25® 
and 55® as compared with those hading up to 10® or 15® #
Differing competencies of interbanded rock types has 
resulted in the localisation of joints. A case in point 
is the massive sugary-textured quartsite band at the top | 
of the Falkenes limestone Group; this quartzite contains a 
variable number of Interbanded phyllite layers* Jointing 
is close and profuse in the individual quartzitic bands, bui
S.S.E.
10 cm.
Fig.2 2. Sketch s h o w i n g  n o r m a l  d i s p l a c e m e n t s  of 
a granitic vein in qu a rt z i t e  along 0 3 6  joint ^
S k a r v f j o r d h a m n .
N.N.W.
S.S.E.
30 cm.
N.N.W.
Fig.23. C l o s e  jo inting in q u a r t z i t e  b a n d s ,  with 
graphitic phyllihe s h o w i n g  few f r a c t u r e s  .
Finfjord-dal.
Plate 107 « ?2 liïieatlosi ar»d mullions with trans*»
vorse, longitudinal aiid conjugate shear 
joints « Psamnite, Hgiisehy*
'3ate 108# Joint sets in raassive peauBnite with 
quartz-infilled gash veins suh-parallel 
to hammer shaft. 200 m. E. of lake 25O.
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is virtually absent in the graphitic phyllite, (Fig. 23), 
except for fractures along which displacement can be de­
tected. Lome joints can be traced for a few mms. into the 
phyllite before they die out. Similar effects of jointing 
in bands of different competencies are seen where quartzitic 
bands or aplite veins .occur in a dominantly semi-pelitic 
lithology.
Conjugate joint sets are commonly present in the 
psammltic lithologies and in the flaggy Beliefjord Schist.
In the general area between Skarvf jord and lijz^nee by fjord, 
certain quartzite bands exhibit complementary joint sets, 
which are clearly related to the major tectonic features. 
Plate 107 shows such a pattern, in which one of the oblique 
joint sets has developed almost to the exclusion of the 
other. It is significant that the pronounced lineation 
and mullioa structure (the lineation) approximately
bisects the angle ( 90 )^ between the two sets of joints.
In addition, a longitudinal joint set is present, parallel­
ing the ‘b* direction, and also, on the left side of the 
photograph, an ’ac’ or cross joint is detectable. Thus, 
two systems of joints are apparent the first comprising 
cross joints Cac’5 ond longitudinal joints (parallel to 
*b*) and the second embracing the conjugate oblique joint 
sets. The latter are essentially shear joints, while the 
former are regarded as tensional fractures. It should be
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noted however that it is primarily when joints are con- 
sidored in localised areas and in relation to small 
structures that it is possible to group them and relate 
them categorically to a tectonic "movement picture".
Cn the plateau near lake 2 5 0, h.h'.b, of lundhavn, 
massive quartsites reveal conspicuous joint sets, some of 
which are - distinctly conjugate. Ilate 108 exhibits two 
sets of oblique joints interesting at 70 ;^ longitudinal 
fractures are developed in the lower half of the photograph 
and elsewhere tensional gash-veinlets of quartz arc clear­
ly discernible, bisecting the obtuse an^le of the oblique 
joint sets. On the langstrand coast similar joint sets- 
have produced an hexagonal (almost columnar) pattern in 
psammites.
Quarts infilling of joints is not uncommon in the 
Klubbcn Quartsite Group. Similarly, in the beliefjord 
hehist lithology, joint surfaces are often coated with 
zeolite. Lome examples eiiiibit radiating patterns on the 
joint surface (lig. 24), although generally the zeolite has 
grown crystallographically normal to the joint plane. 
Sporadic cases of scapolite coating joint surfaces have 
been observed in the I.ellefjord Schist. hear Voiviken 
and also in the Hellefjord area, secondary calcite has 
penetrated joint planes, generally as a thin film, but in 
two cases calcitic veins up to IGcm. thick have utilised
F i g . 2, 4 .  R a d i a l  z c o i i r c  g r o w t h  
o n  j o i n t  s u r f a c e  ^ H e i l c f j o r d  S c h i s t ,  
n e a r  H c i l e f j o r d .
a XI s
F i g . 2 5 .  M o r p h o l o g y  o f  f e a t h e r - f r a c t u r e s .
1Plate 109* Feather-fiSLcture on joint surface*
Hellef jord Schist* Hear head of Hellef jord*
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the joint planes. Quartz infilling is seen locally in 
this lithology.
Joint surfaces are rarely smooth, commonly revealing 
wrinkles and rugosities. In the Hellefjord Schist 
lithology, several examples of joint surfaces having plumose 
or feathery markings have been recorded (Plate 109).
These are termed ”fcather-fx»actures”, and should not be 
confused v/ith the feather-joint of vloos, which is a ten­
sional phenomenon associated with active shear along a 
surface (Roberts, 1961). morphologically, a feather- 
fracture consists of an axis, barb or plume and a fringe 
(Pig. 25). Such markings are apparently restricted to 
shear joints (rather than tension joints). In the Hello- 
fjord area, this view has been substantiated, for it is 
found that plumose markings are restxùcted to oblique 
joints, reputedly of shear origin. Moreover, the 
restricted occurrence of feather-fracture is interesting, 
since the fine grain, homogeneity and compact nature of 
certain bands in the Reliefjord Schist are seemingly 
factors favourable for the development of this structure.
With regard to the general pattern of jointing, in 
consideration of the complex tectonic history and the swing 
of strike and direction through 90^, it does not
seem possible for the joint data of the whole area to con­
form to any obvious pattern. On account of this, rather :
(a)  S t e r e o g r a m  l o c a l i t y  s u b d i v i s i o n s
5 — S o k s f j o r d
V — V e i v i k e n
H — H e l l e f j o r d
S - H -  S k a r v f j o r d - H 0 n s e b y
L -  L a n g s t r a n d
G - G r a s d a l s n e s
NN
(b) S o k s f j o r d .
Fig.  Z 6 .  J O I N T S
2 5 0 p o i e s  (c) V e i v i k e n .
C o n t o u r  i n t e r v a l s  1 . 3 . 5 . 7 . 9 , 1 1 . 1 3 %
2  I O  pole s
( d )  H e l l e f j o r d . 2 l 5 p o i e s  (ej  S k a r v f j o r d - H 0 n s e b y 2 I O p o l e s
( f )  L a n g s t r a n d . l 7 0 p o i e s  ( g)  G r a s d a l s n e s . I S O p o l es
Fig. 27. J O I N T S C o n t o u r  i n t e r v a l s  1,3.5 ,7 ,9 ,11,13%
S c h m i d t  e q u a l  a r e a  n e t ,  l o w e r  h e m i s p h e r e
108.
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than try to assess the jointing of the whole area, 5 sub- 
areas have been selected in an endeavour to relate the 
patterns to the localised stress fields and general "move­
ment picture", These are illustrated as contour diagrams 
(llgG. 26 and 2?).
In general, the major or master joints in all sub­
areas are transverse fractures, essentially *ac* to the F 
structures. In this respect, it is helpful to compare the 
joint diagrams with the stereograms of linear elements.
•Taking the Baksfjord area (Fig. 26 b), the major 
joint set represented by the maximum I (lO?'), trends 052^, 
with a lesser trend (maximum II) of 036^* These can be 
related near—perfectly to the *b’ maxima (Fig. 13 a) of 
126^ and 143^, the joints clearly being *ac* or cross 
joints of a tensional nature. Maxima III and IV of the 
Saksfjord joint diagram represent trneds of 015^ and 083^. 
The bisector of the acute angle (60^) separating these 
joints approxJLmates to the major 052^ cross joint, so that 
one can regard the oblique sets as shear joints related to 
a il.E.-directed compressive stress. Maximum V, a 134^ • 
trend, is essentially longitudinal in relation to the Fg 
tectonic pattern; moreover this joint set hades at 40^-44^ 
to the h.h., which is more or less normal to the average dij 
of banding in the Saksfjord area, the presumption being 
that the 154^ joint is of tensional origin. In a summary
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of the joint pattern of the baksfjord area, both tensional 
and shear joint sets axe demonstrable, showing a reasonably 
clear relationship to the second generation folds and 
linear structures, and consequently to the stress field 
responsible for those structures.
Similar joint patterns prevail in the other sub­
areas, all bearing some relationship to the 1 2  structures. 
Shear joint sets are commonly irregularly developed, one 
set often dominating. This is not unusual, however, as  ^
Bucher (1920) points out, "shearing planes do not originate 
simultaneously and are not uniformly distributed".
The Veiviken diagram (Fig. 26 c) shows a 13$ maximum 
for joints striking 060° and hading some 10° to the N .W . 
This is normal to the dominant lineation (Fg) as seen in 
Figs. 6a and 6b and ranks as.a cross joint, of tensional 
origin. Maximum II, 110°, is the dominant shear joint 
while a longitudinal joint represented by maximum III 
(149°) is normal to Sj. At Hellefjord (Fig. 27 d), the 
maximum corresponds to an *ac* joint trending 072°, again 
nox‘inal to the F2 lineation. A lesser maximum, 096°, 
is also tensional and *ac* to the dominant lineation on 
the west side of Hellefjord. Oblique and longitudinal 
joints are less readily identifiable here. The Skarvfjord 
-Hfz^ nseby diagram (Fig. 2? e) shows a major tensional joint 
(07 0°) again *ac* to Fg ’b*, with oblique (shear) joints of
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038° and 124°, the former of which is the more well develop 
-ed. In the locality of Grasdalsnes, this 058° shear joint 
exhibits a 14$ maximum (Fig. 2? g) and is prominent cn 
aerial photographs. The Langstrand sub-area (Fig. 27 f) 
conforms least to the recognised-patterns, but this is 
interesting in itself as the strikes and dips of this sub- 
area show appreciable variability.
The age of the jointing thus appears to show a marked 
relationship to the ?2 structures and from the foregoing 
evidence it would seem that both shear and tension joints 
have developed in response to the stresses imposed during 
this orogeny. The phrase, "in response to", is suggestive 
of the joihhing occurring later in the tectonic episode, 
end the evidence does not refute this. Price (1959) 
points out that both shear and tension jointing is brought
i
about by lateral expansion and tensile stresses and not 
directly by the original compression. furthermore he 
remarks that shear joints, in general, exhibit no detectable 
lateral movement and are a consequence of "residual 
stresses".
It is of interest to note that fragments of quartzite 
in the breccia of the Skarvdal Fault show fractures and 
minor joints apparently unrelated to the faulting. iiround 
Hellefjord, joints cut the partially silicifiod fault- 
breccias. Evidence thus points firstly to the faulting
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affecting strata containing joints, and secondly to the 
main jointing post-dating the faulting. Whether or not 
these earlier fractures are.of age or possibly related 
to F2 speculative and dependent upon the true position
of the faulting in the broad episode. . However, it 
seems likely and logical that some jointing, at least, 
developed prior to faulting, as, at the incipient stage, 
faults are joint planes. The probability is that the 
dominant joint sets have developed over a period of time, 
rather than at one definite stage, in the Fg deformation 
episode.
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IV THE MAJOR STRUCTURES 
Introduction
The two major periods of folding discussed in the fore­
going account of the minor structures are represented on a 
larger scale by overturned and recumbent folds of considerabl 
magnitude. Dominating the structural picture in the 
southern half of the area is the Langstrand Anteform,
This is a major second generation fold which has an inverted 
eastern limb. It can be demonstrated, however, that the 
earlier, P^, episode of deformation has had the greater 
influence on the present disposition of lithologies, and 
accounts for much of the extensive stratlgraphical inversion 
present over the area.
In this respect, sedimentary structures, where present, 
provide emphatic evidence of the direction of younging.
Such primary structures have been invaluable in formulating j 
the regional tectonic picture. In the northern part of the 
area the regional structure can be explained in terms of the 
refolding of a major early fold of unloxown amplitude.
Account also has to be taken of "tectonic level" so 
that a three-dimensional appreciation of the large-scale 
structure is essential. The magnitude of the folds is such 
that, in certain instances, a truly clear picture can only be 
gained by reference to the major structures present in other
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parts of Sjôr^ y. This is particularly applicable when the 
changing styles and symmetry of folds related to strike 
direction is considered. The E. - W. strike belt, for 
example, is only partially represented on the witer's area 
and here it is necessary to refer to the geology of Central 
and S.W. Sfkrfiv for a comprehensive Interpretation of the 
regional structures.
Three major structures are present in this area, these 
being termed the H/nseby Fold, Langstrand Antiform and 
Hellefjord dynform. Of these, only the Hjénseby Fold is an 
generation structure, the others being of Fg age.
Apart from these folds, reference will be made to the Fg 
Skarvfjord Synform and the complementary Skarv Antiform.
In discussing the major structures a system of individual 
fold descriptions is adopted, although in most cases it is 
necessary to digress in order to discuss genetic implications 
and fold relationships. The structural aspects of the 
northern area lend themselves more easily to a generalised 
description with the stratlgraphical evidence here being 
vital in constructing the pattern of refolding.
Throughout this chapter it will be necessary to consult 
the many geological sections drawn across the area, together 
with the structural map (Map 2) and stereographic plots of 
minor structural observations. The diagrammatic profile, 
Fig. 2 8 , depicts the major refolding pattern responsible for 
the observed disposition of the lithologies.
N  N W.S.W-E.N.E. p r o  ( i I ï  i n n o r t h  o f  m a p p e d  a r e a
S  s' N NW.-S.S.E.  p r o t  il e i n  s o u t h  of  m a p p e d  a r e a
FIG. 28.  D I A G R A M M A T I C  R E C O N S T R U C T I O N  OF  THE
S T R U C T U R E  O F  N.E. S 0 R 0 Y .
1. The Southern Area .
The northern limit of this sub-area is taken as an E# ~ 
W. line through H/5nsebyfjord.
The Lang:strand /jntiform
Dominating the structure of this southern area the 
Langstrand Antiform is responsible for the inverted strati-^  
graphy east of the fold axial trace (see Map 2), West and 
S.W. of the axial trace, strata are the right way up - currerib 
bedding evidence in quartzites - and dips are generally to 
the south-east*
The axial trace of the antiform is taken as the narrow 
zone of vertical or near-vertical dips, since the banding on 
the limbs dips at much the same angle in opposed directions* 
However, the axial plane of the antiform is not horizontal 
but dips gently in a S.W. to W. direction; strictly speaking 
therefore the axial trace should not be drawn through per­
fectly vertical strata, but through strata with a steep 
easterly dip. Because of the variability of dip values and 
the development of a more acute fold style towards the north, 
the zone of near-vertical dips represents an approximation to 
the axial trace of the Langstrand 4ntifo3%a.
Prom Langstrand, where the antiformal axial trace is in 
Hellefjord Schist, the vertical zone^ * runs northwards 
traversing the succession. It follows the ridge of Upper 
Semi-Pelite before swinging to the w.N.W. on the south side 
of H^nsebydalen* This marked swing is chiefly a consequence
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of eroslonal features, in particular the high cliff of South 
H/6nsebyfjord and H^nsebydalen which naturally produces the • 
sharp trace swing of the shallowly inclined axial plane.
An examination of the microfolds and minor folds on 
either limb of the Langstrand Antiform indicates a perfect 
congruity of vergence \7ith respect to the major fold.
These are minor folds. It should be noted that the 
conjugate folds of the "E-W belt** in the Vest-strj?5mmen area 
are a special case and do not invalidate the observations 
demonstrable elsewhere. This evidence of congruous minor 
folds together vrith the observed refolding (by structures) 
of tight early folds in the limestones and calc-silicate 
lithologies towards Langstrand strongly suggests an age 
for the Langstrand Antiform. oubstantiating evidence is 
provided by the schistose amphibolite dykes and transgressive 
sills of proven post-F^, pre-F^ age, the schistosity of which 
is axial planar to the P^ folds. The 3m. thick amphibol- 
ite unbroken for h kilometres in the luartzite 3 of this 
soutiiern area is a good example, exhibits a conspicuous 
schistosity and is clearly folded by the Langstrand Antiform 
(see Maps and Sections). No post-P^ dykes have been obser«^
The Hellefjord Synform
The Hellefjord Synform is traceable from the Lxmdhavn 
area northwards to Otervikfjell. Further north it is proven 
on minor structural evidence to extend to the Finfjord region 
beyond the Skarvdal Fault the axial trace is found again near
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Veiviken.
The fold shows perceptible changes in style, although 
the axial plane is inclined constantly to the West or W.S.W. 
Overturning is towards the E.N.S. The eastern limb dips - 
gently to the S.W., while the western limb shows steeper dips 
to the vest. Further east in and beyond the Skippernesfjord 
area, dips become sub-horizontal.
Everywhere, abundant minor ?2 ^olds exhibit a congruous 
relationship to the major synform, axial planes and the 
associated schistosity dipping gently in a W.S.W. direc- 
tion. lineations are abundant, paralleling the fold axes,
In a few localities, tight early folds refolded,by are
present. Clearly the Hellefjord Synform is an F2 structure 
and it is noteworthy that the west limb of the synform and 
the east limb of the Langstrand Antiform are one and the 
same.
Stratlgraphical evidence indicates that the Hellefjord 
fold is essentially a syncline; the rocks in the limb 
common to both the Langstrand and Hellefjord folds are in­
verted. The strata of the extensive eastern limb of the 
Hellefjord fold are therëbre normally disposed. The lime­
stones are noticeably absent from the eastern limb of the 
synform. Probable reasons for the non-repetition of the 
Falkenes Limestone Group are twofold 1
(1) It can be noted that, owing to the near-horizontal
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nature of the normal limb, together with an abundance of 
microscopic and mesoscopic ?2 folds (all overturned to the 
E.N.E.), it would appear unlikely that the limestones could 
crop out on the present-day erosion surface. No trace of 
strata older than the Hellefjord Schist has been found in 
the extreme N.B. of S/5r/Sy.
(ii) The absence of an eastward repetition of the Falk­
enes Limestone Group is possibly due to the presence of the 
major F^ isocline, the H/5nseby Fold. This, noted in the 
reconstructed profile (Fig. 28) occurs beneath the normal 
limb of the Hellefjord Synform. The presence of isolate, 
minor F^ folds in the banding is a pointer to the proximity 
of a larger structure. Hence, the limestones could be en­
visaged as wedging out eastwards in the core of the tight F^
fold beneath the thick pile of Hellefjord Schist.
When the Langstrand and. Hellefjord folds are compared 
in this southern area, a difference of style is noticeable
despite the compatible axial planar attitudes. The Helle­
fjord Synform is invariably more acute than the Langstrand 
Antiform, although both the actual major fold closures have 
large radii of curvature.. Accepting the thesis of similar 
age for these structures, the greater angular disparity be­
tween limbs in the case of the antiform is explicable as 
another example of lithological control. Whereas the 
antiform is almost wholly within massive quartzites, the
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Hellefjord Synform affects flaggy, relatively incompetent 
schist. Differences of style due to lithological variation 
have already been noted on a minor scale. The isoclinal 
H^nseby Fold, here developed in psammites, is of age and 
therefore subject to stress conditions disparate to those 
responsible for the second generation folds. Fold styles 
of different ages are not necessarily comparable.
A factoryinfluencing the styles may result from the 
position of folds relative to the **E-W and N-S belts". The 
"E-W belt" contains Fg folds of less acute style than in the 
tectonically stretched "N-S belt". When viewed on a 
regional scale a relationship between F^ fold style and strÎE 
belts is more clearly apparent.
While the axial trace of the Langstrand Antiform trans­
gresses various members of the stratigraphical succession, 
that of the Hellefjord oynform shows a general concordance 
iTith strike, transgressive only north of Hj6nsebyvatn. This 
can be explained in terms of observations of F2 minor fold 
axes, *b’ lineations and axial planes which reflect to a 
large orbent the attitudes of the bigger structures. With 
the Hellefjord Synform all *b* linear structures approximate 
to the horizontal: therefore, on the plateau surface the
axial trace parallels the banding. Further north, Fg fold 
axes and lineations plunge at 12^-16° to the S.S.W. (see 
stereograms, Fig. 6) and the average strike of the axial
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planes changes accordingly. Consequently the erosion 
surface is such as to cause the axial trace of the synform 
to transgress the massive gneiss north of H/6nsebyvatn; this 
is seen in the cross-profiles.
Structural observations from the Langstrand Antiform 
show that axes and lineations plunge on average, 20^-22^ to 
the S-8.F.E. with local plunges above 30^ in the south.
Axial planes are generally more steeply inclined than those 
of the Hellefjord oynform due to the minor folds having a 
less acute style in the psammites. The transgressive nature 
of the trace of the major axial plane can thus be accounted 
for, since the general erosion surface cuts deeper into the 
antiformal core towards the north.
The closed outcrop pattern of the massive gneiss on 
Otervikfjell is shown to be a topographic feature, as the 
Hellefjord Synform axial trace is now west of the gneiss out­
crop. Topography, together id.th near-horizontal dips, also 
accounts for the fau].ted inlier of gneiss capping the rldgetg 
of Finfjordfjell. In this general Finfjordfjell area of 
Hellefjord Fchist, minor folds show a constant overturning 
to the B.H.B. This is noticeable as far north as the 
Skarvdal Fault. S.S.E. from Veiviken a prominent F2 fold 
of intermediate size can be traced for some 4-$km. This 
fold has a wavelength of about 100m. and amplitude of 50-70m. 
It is clear therefore that this area is a continuation of the 
normal limb of the Hellefjord dynform, the minor folds being
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congruous to the major structure.
The Mnsebv Fold
On the upper limb of the Langstrand Antiform, normally 
disposed strata can be followed towards the ll^ nseby area with 
the aid of sedimentary structures, until the H^nseby Fold is 
encountered. This letter fold is a tight, near-isoclinal 
fold closing dovmvrards, the axial plane of which is parallel 
or sub-parallel to the general banding. The fold, here a 
synform, is recognisable in cross-section only on the south 
cliff-coast of Hj6nsebyfjord. The presence of current bedd­
ing makes accurate mapping of the fold axial trace possible, 
since, on the plateau of H/5hsebyfjell, only two exposures 
of the actual fold closure give any indication of the loca­
tion of the axial zone.
Towards the west, this tight K^nseby Fold is refolded by 
later structures. These are F^ folds of intermediate size, 
all overturned eastwards. In the extreme west along the 
Sand^fjord coast, the Skarvfjord Synfom extension folds both 
the banding and the early H>5nseby Fold. Towards the coast 
of Ii/5nsebyf jord, the banding and axial plane of the h^nseby 
Fold steepen rapidly to near-vertical, indicating a proximity 
to the Langstrand Antiform axial region (see Sections Q-R 
and S-T, in the folder). The fold is then lost temporarily 
beneath the fjord.
Again, cross-cutting amphibolite sheets, deformed by
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the Fg structures, evince a marked Sj schistosity. The 
cumulative evidence thus clearly indicates that the h#nseby 
Fold is an early, structure* It is, in fact, an in­
verted anticline as older rocks lie in its core. Although 
it is not possible to comment, in absolute terms, upon 
the amplitude of the lij^ nseby Fold, it is none the less 
certain from various lines of evidence that recumbent folds 
of very considerable dimensions developed during the f^ 
deformation episode. xhe amplitude of the npnseby Fold 
alone, though indeterminate from the restricted evidence, 
would be measurable in tens of kilometres.
The Langstrand Antiform and H^nseby Fold can be shown 
to extend north of H^nsebyfjord although the evidence in 
this belt of K-S strikes is less direct, owing to a general 
lack of sedimentary structures. Utilising the fundamental 
criterion of the proven stratigraphical sequence, however, 
it can be demonstrated that these two major folds are 
present.
From the foregoing discussion of the major structures 
of the southern half of the surveyed area, a comprehensible 
picture of major and minor fold age relationships has 
emerged. Second generation folds, namely the comple­
mentary Langstrand Antiform and Hellefjord Synform dominate 
the surface geology with the axial trace of the early 
H^nseby Fold detectable only in the north-west. Fold
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axial and a:d.al planar attitudes of the two major i'2 
structures differ only slightly but nevertheless signifi­
cantly. Differences are attributed primarily to litholog;
2. The Northern Area
North of a line drawn from Hi^nsebyfhcrd to the isthmuj 
of Basteidet, strike direction remains fairly regfilarly 
S.S.E. or E.E. This is reflected in the outcrop patterns 
The dip direction is constant too, always towards the west 
or E.W. with local.exceptions near Bastafjord. N.%. of 
Skarvfjordhamn near-vertical strata constitute the western 
limb of the Skarvfjord Bynform.
Although discussed previously, the dominant over­
turning of minor lol&G towards the h . N . E .  with inter­
vening and alternate zones of W.S.VJ.-overturned folds, is 
extremely important in an understanding of the large-scale 
structures and deserves detailed consideration here. At 
the same time, in reconstructing the overall tectonic 
picture, it is essential to pay constant attention to the 
basic stratigraphy which is the all-important factor in 
any structural interpretation, not least in this northern 
area.
The geological sections drawn across the northern 
area show the constant direction of inclination of F2 axia 
planes referred to earlier in the minor structural chapter 
and also depicted in the various stereographic plots.
125.
Monoclinic structural symmetry is ubiquitous. North of 
the Skarvdal Fault, axial traces of several intermediate 
and larger 1^ 2 Folds can be demonstrated (Map 2). Several 
of these folds have been mapped solely on the banding/Fg 
axial plane relationship described earlier. This criter­
ion is extremely valuable in such an area of monotonous 
lithology.
In contrast to the southern area, sedimentary 
structural evidence of younging is rather localised and 
is restricted to the immediate Hb'nseby and Skarvf jordhamn 
areas. This indicates that the second generation folds 
including the Skarvfjord Syuform, are folding an inverted 
succession. Towards the east, along the Baketinderne 
ridge and in the btorelv Schist and F&lkenes Limestones 
belt of the interior, minor fol&G are again affecting an 
inverted sequence. In this area no sedimentary structures 
have been observed: the stratigraphical succession, how­
ever, is identical to, and a continuation of, that proven 
in the south and also near Skarvfjordhamn.
The similarity between the Sand/zJf jord and east- 
central areas in terms of the folding of an inverted 
succession ends there, however. Taking the Bandjdfjord 
tract first, it can be shown that:
(a) On the steep, western, reverse limb of the 
Skarvfjord Bynform, strata young towards the 
west.
E.N.E.WS.W.
a
/^y
FIG 2 9 D I A G RAM M A T I C  PROFILE ACROSS N O R T H E R N
A R E A ^ O W m C  P R O O F  F O R  THE PRES EN CJ OF AN
EARL Y ( F | )  i s o c l i n a l  F O L D  .
<— ( c u r r e n t  b e d d i n g  y o u n g i n g  e v i d e n c e  
<—  i n d i r e c t  y o u n g i n g  e v i d e n c e
F 2_ folds
F I  fold
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(b) Minor i'olds on this same near-vertical 
limb are overturned towards the west, 
congruous to the major synform.
In the case of the east-central.area of limestone, 
schist and highest psammite lithologies, the situation is 
as follows :
(a) Strata dip Vv.S.W. - S.VT. but young towards 
the east.
(b) Minor folds are overturned to the S.W.
. indicating the reverse limb of a larger fold.
From these observations, it is clear that in the two 
separate areas, strata on the reverse limbs of major 
folds display a younging in opposed directions. This 
dissidence can only be resolved by invoking the northvmrd 
extension of the tight H^nseby Fold, as depicted schemati­
cally in Fig. 29 and also in the serial sections and on 
the structural map. Direct sedimentary structural evidence 
is lacking north of H^nsebydalen but by extrapolation of 
the logical stratigraphical order, the presence of the 
fold (the H^nseby Fold) can be demonstrated.
Tracing the common limb of the langstrand and 
Hellefjord folds towards the north, the inversion of the 
lithologies is attributed to the second generation folding. 
This can be seen from an examination of the regional 
profile (Fig. 28). This shows quite clearly that the
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schist-limestone belt, throughout its length from Langstranc 
to Finf jord, is always on the upper limb of the major 
110ueebj I old, whatever the attitude of the banding. The 
succession in the north-west however, is located on the 
lower limb of the early Ej&nseby Fold. It is this first 
generation recumbent fold therefore which is responsible 
for the extensive tracts of inverted strata in this north­
ern area. The inversion of lower limb of the Langstrand 
Antiform is essentially an 12  feature# . -
Area South of the Skarvdal Fault
As noted previously, the swing of the langstrand Anti- 
form axial trace down towards H0nsebyfjord from the south­
ern plateau is due to a marked erosional feature# On 
the north side of the fjord and the valley of linfjordalen, 
the land rises comparatively gently up to the plateau of 
Skarvfjordfjell#
Taking the plateau area extending north to Skarvdalen, 
an examination of Ig minor and larger folds warrants a 
division into western and eastern sectors based on the 
direction of overtui^ning of folds. xhe boundary between 
these tv;o sectors is essentially that of the axial trace of 
a major Fg structure. host of this axial trace ^2 iolds 
constantly face E.H.B. towards an inferred antiformal 
structure; in the eastern sector which includes the 
Storelv Schist and limestones, folds are overturned in
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the opposite sense, indicative of their location on the 
reverse limb of the same major Fg structure. This latter, 
reverse limb has been shown to be the lower limb of the 
langstrand Antiform. The inference and conclusion is 
that the major antiform demonstrable on Skarvfjordfjell is 
the northward continuation of the Langstrand Antiform.
The serial sections portray the structural picture adequate 
-ly.
A previous discussion tl the stratigraphical problems 
involved showed that on this plateau of constant VLB.h.-dip 
-ping strata, the presence of a major fold must be in­
voked to explain the downward younging of the upper western 
limb of the major Fg antiform (Fig. 29). Direct proof 
of the exact location of the axial trace of this fold in 
terms of sedimentary structures is absent in this area. 
Several other lines of evidence, however, point to its 
approximate location on the lower limb of the antiform 
(Langstrand fold): the rational evidence is as follows:
(i) The n^nseby Fold is known to be refolded by 
I2  folds including the Langstrand Antiform.
(ii) Cn the south side of H^nsebyfjord the synformal 
H0nseby Fold, there on the upper limb of the 
Langstrand Antiform, approaches the closure 
zone of the latter F2 fold.
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(ill) North of H^^nsebydalen, at a lower tectonic 
level, the Hjzinseby Fold by virtue of its 
being refolded is now positioned on the lower 
limb of the Langstrand Antiform.
Therefore, on Skarvfjordfjell, the axial plane trace 
of the H^nseby Fold must clearly be located east of the 
axial trace of the Langstrand Antiform. This is illustrât 
-ed “in the serial sections and reconstructed regional 
profile (Fig. 28).
The gentle plunge of the axis of the H^nseby Fold in 
the approximate plane of erosion also makes it difficult 
to pin-point the trace, especially as the fold is
of an isoclinal nature. Furthermore, the plateau surface
is often a “felsenaeer” of quartzite blocks due to frost- 
heaving. Localised anomalous dips in a small area N.N.W. 
of lake 170 are possibly related to the a:cial zone of the 
synform.
Reasons for the northward extension of the Langstrand 
Antiform have been given earlier. In this northern area, 
the antiform shows significant changes of style. The 
upper limb of the antiform now dips to the W.8.W. so that 
the fold is appreciably more acute. It should be noted 
that the change from "easterly" to "westerly" dips on this 
upper limb is not so abrupt as first appears. Westerly 
dips ere locally present south of H^nsebydalen. Also, on
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the lower limb of the B0nsebj Fold towards H^nsebynes, 
dips are to the S.VJ.
Another important consideration concerning the north­
ward increased acuteness of the major Fg fold, is that the 
northern area is characterised by N.N.W.-S.B.h. strikes 
(the "K-S strike belt"), whilst the southern area is 
largely composed of S.L. or 6-dipping strata. This is 
the eastern extremity of the extensive "L-w strike belt" 
of Central B^r^y. „ Differences of fold style related to 
the dominant strike trend have almeady been discussed, but ^ 
it is important here to reiterate the observation of more 
intensive tectonic stretching and acuteness of fold style 
as being a major feature of the "K-S strike belt". Identi­
cal variations of style related to strike trend are demon­
strable in the Breivikbotn area of S.W. S0r0y (B.A. Sturt, 
personal communication).
In the Skarvfjordfjell area, minor Fg folds show 
fairly constant plunges towards the S.S.L. in the order 
of 5^-15 #^ They reflect the attitude of the major 
Langstrand Antiform. Variations of fold plunge ere re­
lated to cross-fold warps (p*80 ). On the lower limb of 
the ^2 antiform, fold trends locally deviate to 505^ in 
pelites, with plunges to the h.W. (see p. 78 ). Minor fold 
axial planes show a regular dip towards 235^-245^, averagini 
some 30  ^ (see stereograms. Fig. 13)$ which is slightly less
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steep than equivalent Ig axial planes in the southern area.
The progressive development of folds of increasing 
magnitude from south to north is an interesting feature 
of the upper limb of the Langstrand Antiform in this "N-S 
strike belt". This implies either increased‘fold develop­
ment with depth or, more feasibly here, increasing fold 
development away from the "L-Vv strike belt". It will be 
seen that north of the Skarvdal Fault, intermediate-sized 
^2 folds are more extensively developed.
Towards Sand^fjord, Fg folds are especially numerous 
and mappable. This is in the zone of appreciable tectonic 
stretching discussed at length in the minor stx^uctural 
chapter. Axial plane/banding relationships hero confirm 
location on the Langstrand Antiform upper limb. Immediate 
-ly to the west of the coastline, the presence of the 
Bkarvfjord Synform axial trace can be inferred, demonstrable 
by noting the vertical strata (the western limb of the 
synform) on the island of Skarvholm (see Section I-J).
Last of the limestone scarp, the hellefjord Schist 
constitutes the extensive area towards Bastafjord. The 
Hellefjord Bynform is the only major fold affecting this 
lithology; the synform has been described previously.
Area North of the Bkarvdal Fault
The northernmost area can be conveniently divided
into:
13C.
(1) The plateau of Baksfjell.
(2) The peninsula of Finfjordnaeringen.
(1) Baksfjell
This broad plateau rising to the cliff-tops of 
Lakstinderne.above Iinfjord is composed mainly of psammites 
with Storelv Schist prominent in the north-west. The 
problems of stratigraphy inherent in this region are identi­
cal to those explained for Skarvfjcrdfjell since it is only 
the fault-controlled valley of Bkarvdalen which separates
the two plateaux. Briefly, the problem of different young­
ing directions in the east and west is solved by extending
the Kfgfnseby Fold northwards in the lower limb of the
Langstrand Antiform. Serial sections, Figs. 28 and 29 and
the structural map illustrate the structures involved.
A major addition to the structural picture is the ^ 2  
Skarvfjord Synform, represented in the cliff-section of 
North Skarvfjord (Plate 100), This is seen to fold an 
inverted succession, proven by a local abundance of sedi­
mentary structures. Again, the extensive stratigraphical 
inversion can be attributed to the location on the lower 
limb of the recumbent, Hffnseby Fold.
The axial plane trace of the Skarvfjord Synform can be 
traced from Skarvf jord northward some 5km. to the Kam/dsund 
coast. South of Skarvfjord, owing to the presence of 
the major fault, the axial trace is displaced some 400m. 
to the west and is submerged betv;een Skarvholm and the
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mainland. It appears again near R^dnsebynes.
In the extreme north-west, the Lkarv /intiform is the 
complementary structure to the Skarvfjord Synform. This 
is depicted on sections A-B and C-D, as well as on the re­
constructed regional profile (iig. 28). Between the axial 
traces of the Gkarvfjord Bynform and the Langstrand Anti­
form, two other major folds are present, along with 
sevei'Eil lesser folds. These two structures, synform and 
antiform, are also represented on the Bkarvfjordtind peak 
overlooking the south shore of Skarvfjord, but there they 
are of distinctly smaller amplitude. This is a further 
example of the increasing development of folds from 
south to north.
Minor structural observations show that a:d.ald.
planes everywhere on Baksf jell dip towax^ds 236^-248^ at 
between 30^ and 50^. The variations are significant since 
it can be shown that axial planes are generally steeper in 
the west than in the east. At the same time, reverse 
limbs of fc>lds evince a distinct shallowing of dip from 
near-vertical in the west to only 30^-40^ in Nest 1 infjord. 
Taking 1‘infjordnaeringen into consideration too, the trend 
is continued. There, in Hellefjord Schist and massive 
gneiss, axial planes dip at 10^-20^ towards 256^.
On Saksfjell, the eastward shallowing of axial planar 
dips is not merely a consequence of the fanning effect
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noted elsewhere around closures. Examining,reverse 
limbs only, in the west F^ sixial planes dip at 43^ (average) 
whereas in the V. Finfjord area the axial planar dip 
averages 28^. Clearly the style of folds is tending 
towards increased overturning and also, in part, increased 
acuteness towards the east.
Generally, ?2 fold axes in the Baksfjell area plunge 
in a E.B.L. direction at about 15^. In the Skarvfjord 
district, the trend is nearer southerly averaging 1?2°. 
However an important deviation can be noted in the broad 
zone of mixed pelite and psammite lithology, on the reverse 
limb of the Langstrand Antiform along Sakstinderne. There, 
Sixes and related linear structures plunge some 12° at 
310°. A similar occurrence is less conspicuous in the 
schist of the north-west. Although cross folding accounts 
lor certain local variations of fold axial trend, the 
chief cause of this more significant variation (of circa 20°’ 
is thought to be the regional tendency for diverging ’b* 
exes in different lithologies, as referred to earlier.
In both the plateau areas of Saksfjell and Skarvfjord- 
fjell, granite gneiss crops out in an irregular zone often 
more or less coincident with the axial trace of the major 
F2 Langstrand Antiform. Although, at first, a relationship 
between the position of the gneiss and the fold core seems 
plausible, implying a genetic relationship, this can be
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shown to be a fortuitous situation. The gneiss is clearly 
of pre-F2 folded by the Fg structures. It also
occurs on the normal limb of an structure (not in a 
fold closure) south of Skarvfjordhamn and again south of 
il^nsebyfjord. An examination of the general outcrop
pattern of the granite gneiss on Skarvfjordfjell, ignoring 
the extreme irregularity of outcrop, indicates a V-pattern, 
the apex pointing south. This corresponds with the strike 
observations on either limb of the fold, plunging as it 
does in a southerly direction. Moreover, the gneiss is 
shown to develop preferentially in the more politic bands 
in the Klubben Quartsite Group.
(2) rinfj ordnaeringen 
' The peninsula of Tinfjordnaeringen owes its existence 
to the resistant, massive hornblende gneiss. The serial 
profiles illustrate the stacking of several Fg folds of 
near-recumbent attitude. As mentioned earlier, axial 
planes are inclined at between 10° and 20° to the S.\v.; 
dips of banding on reverse limbs average only 25° to the 
Vï.S.W. or 6.W., while normal limbs dip variably between 
8.it,, and K.E* This is quite anomalous to fold attitudes 
noted elsewhere on the surveyed area, and represents the 
maximum development of overturning. Minor Fg folds are 
everyijhere congruous to the larger structures.
G.E. of Ekipsvik, the upper limb of the Hellefjord
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Gynform (equivalent to the lower limb of the langstrand 
iintiform) is recognisable, with its S.V:. overturned minor 
folds. This is present as far as the Skarvdal fault; 
south of the fault, the lower limb of the Hellefjord Synform 
is present with h.B.-L.N.i:. overturned minor'folds, and 
presents further proof of the relative downthrow; to the 
north of the fault. The axial trace of the synform can be 
found near Yeiviken north of the fault. This is indicative 
of a displacement of the Hellefjord Synform axial trace of 
l.Gkm. on either side of the Skarvdal fault. This distance 
is due to the near-recumbency of the major fold.
3• Summary and Discussion
The foregoing descriptions of major structures both 
on an individual and areal basis, have established a picture 
of regional refolding which readily explains the existing 
outcrop pattern while conforming to fundamental strati- 
graphical principles. .Briefly, the regional structure is 
postulated in terms of the refolding of an early fold of 
unknown amplitude, the iipnseby I old, by structures of a 
later episode of deformation of which the Langstrand and 
Hellefjord folds are major representutives.
Although the inverted sequence on the lower limb of 
the Langstrand Antiform is essentially a consequence of 
the tectonism, it can be shown that the widespread 
stratigraphical inversion in the northeim area is an inher-
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ent property of the earlier folding. The pattern of 
structures prior to the second episode of folding is 
naturally a matter of conjecture but it is reasonably clear 
that the tectonism produced tight isoclinal folds almost 
certainly of recumbent attitude and of considerable magni­
tude, The root zone of these early folds is thought to 
have been far to the west or Iv.K.h. of present-day S^ rj^ y, 
but evidence is scarce. The mapping of Aamsay and Sturt 
(personal communication) verifies this ; however, since a 
major syncline, which has been traced from the Ireivik 
area in the L.W. across to mtorelv, closes towards the north 
in the "E-W strike belt" and towards the west around 
Breivik.
The second episode of deformation, following &he acme 
of regional motamorphism, has yielded the majority of 
macroscopic and mesoscopic folds mappable in h.E.
From the prior examination of minor and major structures, 
the constancy of axial plane trend end inclination is a 
ubiquitous feature together with a related fold overturning 
to the E.N.L. Tectonic transport parallels this direction 
- towards the E.N.E. Fold axial and tectonic *b* lineatioia 
observations show a general plunge towards the B.6.L. It 
is clear therefore that monoclinic symmetry of movement 
prevails, wherein the *ac* plane and deformation plane are 
coincident and translation in this plane is normal to the
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*b* axis (here towards h.h.E.) which is an axis of binary 
symmetry.
This initially relatively simple picture is complica­
ted however by the tendency for Pg linear and planar ele­
ments to show slight variations in the northern area but 
larger and significant variations in the south where a 
regional swing into the belt of E-Vi strikes is of major 
importance. Whereas in the northern area, monoclinic 
structural symmetry is manifest, in the limited tract of 
E-h strikes towards Langstrand both congruaus and incongracus 
1^2 folds are encountered indicative of orthorhombic symmetry 
though in detail triclinic symmetry is possibly prevalent.
Variable structural symmetry, dependent on regional 
strike is also demonstrable in other parts of 
Significantly, the "L-W strike belt" which occupies a large 
part of Central g^r^y, is characterised by the presence of 
Fg conjugate folds reflecting an orthorhombic or lower 
symmetry. These features have been described by Ramsay 
and Bturt (1963) in Band^fjord and noted also by Dr. L.C. 
Apployard (personal communication) in Dphnesfjord. In 
the extreme south-west of Sj^ r^ y, the Breivikbotn and Ilasvik 
region constitutes a tract of N-8 strikes and monoclinic 
structural symmetry again obtains. The sense of overturn­
ing' of Ig folds is also to the east. Some 40km. to the 
S.R. of in the loppen-Kvaenangen area mapped prelimin­
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arily by Ball et alia (1963), strikes are again dominantly 
K-S and Ig folds show a constant overturning to the L.N.E.: 
symmetry is again monoclinic,
On a regional scale therefore, as in localised areas, 
a relationship between strike and structural symmetry is 
seemingly indubitable. As well as the orthogonal strike 
owing, an associated swing of Fg lold axes is manifest.
On first sight this would appear to suggest a later 
tectonic episode, of trend, as being responsible
for the ¥'2 fold swing. This does not help to explain the 
related symmetry changes, since conjugate structures are 
restricted to the "2-W belt", whereas the "h-S belts" are 
characterised by more intensive tectonic stretching and 
monoclinic uni-directional structures. If an deforma­
tion were responsible therefore, it would be extremely 
difficult to explain the strict and adherent relationship 
of fold symmetry and overturning to strike and fold axial 
trend.
It is for these reasons that the marked regional 
swing of strike and Gxes is regarded as a coeval Fg 
structure. Moreover, there is no evidence to suggest that 
the swing is an inherent property of the earlier tectonism 
(curved fold axes in limestones - not a consequence of 
refolding - have been noted earlier), although this 
possibility is not entirely ruled out. hegionally, as
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far as can be ascertained, the direction of F2 ^ tectonic 
transport is towards an easterly point, that is, away from 
the central parts of the Cambro-Silurian geosyncline and 
towards the bounding foreland. Eliding, with striae in 
the direction, supports this view. The fold axes of 
the "L-N strike belt" could therefore be visualised as 
paralleling the regional Fg direction, even though 
locally they are *b* lineations. The E-b belt may then be 
regarded as a zone in which the regional monoclinic symmetry 
of movement has been relaxed. In this I-W belt with a 
local ’b* direction (approximating to regional 
paired folds have developed related to conjugate shears.
The symmetry is then orthorhombic or even triclinic.
In many ways this situation is similar to that existing 
in areas described by Lindstrdm (1955, 1957, 1958) from the 
Swedish Caledonides and by Johnson (1956) from the Moine 
Thrust Belt of the North best Highlands of Scotland. Both 
these areas are characterised by dominant lineations and 
fold axes aligned transversely to the major tectonic *b* 
direction. Furthermore, linear structures normal to the 
margin of the fold belt (regarded as *a* lineations) 
appear to occur quite consistently along the length of the 
ualedonian mountain chain in Norway (Evale, 1953). The 
tectonic pattern on can now be considered in relation
to these regional structural features.
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With regard to the Scandinavian Caledonides, the 
central parts of the erogenic belt have lineations and 
fold axes trending roughly parallel to the orogen whereas 
the marginal areas with large overthrusts have prominent 
lineations and axes of small-scale folds which parallel 
the direction of movement (Kvale, 1953)♦ The various areas 
mapped by Lindstrdm in Sweden include overthrust metamor- 
phic nappe complexes in which ’a* lineations and fold 
axes are the major linear element. This accords with 
the above-mentioned relationship of *a’ lineations to the 
orogen marginal zones in proximity to thrusting,
A significant observation concerning fold axial trends 
in the Kartimvnre area of Swedish Lapland (Lindstrôm, 195?) 
is strikingly similar to observations on Lindstrôm
states, # folds striking N-S or IUE*-S.WQ are constantly 
overturned towards the E, or 6.L. whereas the transverse 
folds are overturned to the L.E. or G.E, with no clear 
preference for either direction. This is good confirma­
tion of the hypothesis that the transverse folds are 
parallel to the tectonic ‘a*-axes or the main direction of 
transport".
This is a similar pattern to that indicated by observa 
-tions of the directions of fold overturning on in
the h-S and E-W strike belts respectively. However, an 
important difference is apparent: this is that, while the
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distribution of E-W and N-6 folds is random on -Lindstrôm*s 
area, in the writer’s area of L.L. B0x0j preferential fold 
overtui'ning is confined to the "L-6 strike belt". In this 
L-L belt, as discussed earlier, folds are consistently 
overtux'ned to the E.L.L. Fg folds with inconsistent 
translation (either to the H. or 8.), including conjugate 
folds, are confined almost exclusively to the "L-Vi strike 
belt". This is corroborated by the work of Ramsay and 
Sturt in Central and 6.L.
Another difference between S0v0j and the Swedish 
Caledonides areas of Lindstrôm is that in the Swedish areas 
the regional transverse lineation is dominant and 
pervasive. On however a regional ’a* lineation is
quite subordinate in the main "L-E strike belt"; the local 
’b* lineations and fold axes in the "S-b strike belt" are 
essentially the regional,transverse *a’ linear elements.
It is clear therefore that the structural picture on 
B0T0J is not entirely correlative with that of the bwedish 
thrust zone, despite similarities of fold trends and over­
turning. further to the south in the ; ordland area of 
Central Norway, ; Ehhland (1959) has commented on the absence 
of pronounced linear structures parallel to the local 
movement direction. He regards this area as representa­
tive of the central zones of the Caledonian geosyncline.
The Swedish and Nordland areas can therefore be taken as
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examples of the marginal (thrust) and central zones 
respectively of the ’Caledonian erogenic belt. The tectonic 
picture on conforms to neither of these patterns
though containing certain elements of both. It is 
possibly representative -of an area part way between the 
central and thi'ust zones of the Caledonian mountain chain. i
im anology may also be made with the Moine Thrust Zone 
of the North kest Highlands of Scotland. There the major 
tectonic thinning and extension has been compensated by the 
formation of zones of tectonic thickening and folding about 
E-w axes, the folds indicating no consistent direction of 
translation (Johnson, 1956). The symmetry of these E-W 
folds is essentially orthorhombic, as compared with the 
regional monoclinic symmetry. These E-Vi folds parallel 
the major tectonic *a’ direction.
B^r^y is situated some 90-lOOkm. H.VJ. of the Caledonian 
Thrust Iront. However, a major thrust cuts the plateau 
surface of West Finnmark revealing Pre-Cambrian "tectonic 
windows" only 30-40km. S.E. of B^r^y. Although thrusting 
is absent on the writer’s area, it is possible that major 
thrusts may occur at a relatively shallow depth beneath the 
island. This is based on the postulated extension of the 
gently dipping West Finnmark thrusts westwards and north­
westwards beneath Seiland and
The main conclusion to be drawn from the structural
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comparisons of selected areas in the Scandinavian and 
Scottish Caledonides and is that, although many
striking similarities of structural symmetry relative to 
fold translation are manifest, the structural re­
construction is somewhat unique in its relationship to the 
regional structural picture. The marked swing of iold 
axes and lineations and the differences of fold symmetry 
and overturning dependent on position in either the L-W 
or K-B strike belts, has not been described elsewhere in 
the Caledonides. This is a situation which warrants 
further study: after the detailed mapping of the island
of i::0r0y has been completed more information will be 
available for structural analysis and interpretation.
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MET THREE
MHTAMOHPHIBII AND lETROGEAIilY
\
I MINHUL /dm TEXTm.AL ËLI^TIONGEIPS 
 -----------
The Btructiix‘al evidence shows that the Eocambrian 
rocks have been subjected to two main episodes of deforma­
tion, the younger of which can be divided into phases. A 
brittle deformation is the last recognisable phase in K.E. 
Bf^ r^ y. The mineralogy and lithologies, ranging up to Kyan- 
ite-eillirsanite schists and granite-gneisses, indicate a 
high grade of regional metemorphism (almandine-amphibolito 
facies). From a study of textural and mineral relation­
ships it can be shown that the fold movements were accom­
panied by metamorphic recrystallisation. The early-F^ 
movements occurred under higher grade conditions than the 
deformation while the late-F^ movements were accompanied 
by retrogressive metamorphism. Furthermore, it is abun­
dantly clear that the peek of the metamorphism was reached 
late in the static interval between the two main deforma­
tion episodes.
Cn the basis of textures and mineral growth relati#;L 
to the folding, the metamorphic history is best discussed
as phases whose crystallisation relationships to the
deformations are indicated by the terminology, pre-, cyn-
and post-tectonic. In this instance the phases adopted
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for convenience of description are :
(1) The Byii-tectonic metamorphism.
(2) The main post-F^, pre-Fg (static) metamorphism.
(3) The early-1’2 syn-tectonic metamorphism.
(4) The post-Bj (static) metamorphism.
(5) The late-%2 retrogressive metamorphism.
There is no definite evidence to infer these stages
as being discontinuous. The metamorphism is regarded as 
a more or less continuous and progressive process of 
mineralogical and textural change, culminating in the 
development of kyenite and sillimanite. The metamorphic 
grade then waned during the deformation, the last stage 
of this retrogreseion marked by characteristic diaphthoret- 
ic features and minerals.
(1) The F2 Gyn-tectonic metamorphism
The earliest recognisable metarnorphie fabric is that 
concomitant with the development of the tightly appressed, 
near-recumbent folds. This early fabric is represented 
by the primary schistosity Bp? but because of the subse­
quent protracted and intense deformation and. recrystalliBo- 
tion to which the metasediments have been subjected, only 
scant evidence of the early metemorphic fabric remains.
In all lithologies the dominant and pervasive fabric 
is that of Sj. The chief indication of the existence or 
pre-existence of the early schistosity is the preservation
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of included grains within porphyroblaetic minerals, chiefly 
garnet and amphibole, and less commonly kyanite and staurol 
-its. This relict inclusion fabric is usually of 
extremely fine grain, distinctly finer then the groundmase 
fabric outside the porphyroblssts. Inclusions are general­
ly of quarts with variable amounts of ore grains, micas, 
plagioclase and apatite. Commonly the included grains are 
elongate and exhibit a .parallel dimensional orientation 
within the porphyroblast (Plates 110 and 111).
iineness of inclusion grain sise varies with lithology; 
thus, grains enclosed by garnets in the phyllitic Belle- 
fjord Schist, while contributing: to the oidented relict 
fabric, may be almost unrcsolvable. It can be demonstrat­
ed that the fineness of grain size is not entirely an 
absorption feature. Neighbouring included quartz grains 
ere seldom optically continuous, and in many instances graii 
clusters provide additional evidence for the fine-grained 
nature of the preserved relict fabric.
The original sedimentary banding is discernible in 
many lithologies despite the recryetallisations accompanying 
the development of both schistosities. In quartz!tes the 
prevailing schistosity is always that related to How­
ever, some biotite flakes show a parallelism with the 
banding (where this is recognisable). In the politic 
stringers the biotites tend, to be oriented with the (001)
% : - ' 1 0
W-»'
i f e l ü
Plate 110. Pre-Fg gamet. Relief jord Schist. Plane 
polarised li^t x 60.
t
. , r 0
V
Plate 111. Pre-Fg gamet. Reliefjord Schist. Plane 
polarised light % 48#
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sub-parallel or parallel to the banding. These, micas have 
recrystellised mirnetically, following the primary schistosity 
rather than aligning themselves in Apart from the
scattered micas very little evidence of the fabric has 
been retained, except in sporadic garnets.
The maximum grade of metamorphism attained during the 
episode of folding ap^parently did not exceed that of 
the biotite zone. No higher grade minerals have been de­
tected. The fine-grained porphyroblast inclusion fabric 
also indicates a low grade of regional metamorphism, in 
which, for example, calcareous mudstones were converted to 
tremolite phyllites.
Mention can be made here of feldspar, an important 
constituent of many of the metasediments. In the quartz- 
itee, many horizons are clearly arkosic not because of any 
process of felspathisation but signifying an original con­
centration of the mineral in the sediments. Miciocline is 
a prominent feldspar in many feldspathic psammites, though 
twinning may be poorly represented in a large proportion of 
the small grains.
The unusual 2-3m. brown-weathering, friable ”sandstone*’ 
within the Etorelv Schist M.W. of Skervfjordhamn is composée 
essentially of sub-rounded clastic grains of quartz with 
some feldspar, costed with iron oxides (Plate 112). This 
is the only lit ho logy in N.E. Cjg^ r^ y in which the original
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sedimentary grains are preserved.
(2) The main post-F^* (static) metamorphism
After the deformation but prior to the initiation 
of the second generation of folding, static conditions 
obtained during which time the bulk of the porphyroblastic 
minerals were developed. This is the most important stage 
of the regional metamorphism. Porphyroblastic garnet, 
kyanite and staurolite overgrew the earlier schistosity, 
while later in this period and during early-i'2 » the growth 
of sillimanito signifies the attainment of the highest 
metamorphic grade and press.Ure^temperature conditions. In 
the calcareous lithologies, diopside and amphiboles 
crystallised as porphyroblasts, wlxile biotite developed in 
some impure bended limestones.
The pre-F^, static metamorphism is almost certainly a 
continuation of the metamorphism, necessitating: a 
progressive rise of temperature. From the distribution 
patteim of the various minerals, a delimitation of particu­
lar metamorphic zones is impracticable. Garnet is ubiqui­
tous, whilst both kyanite and sillimanite are found through­
out the area in oortain favourable lithologies.
1,videnee substantitating the pre-Fg growth of these 
porphyroblasts is outlined below. The major criteria for 
dating the mineral crystallisation are provided by textures 
and the fact that porphyroblasts are often deformed by 1*2
1 4 8 .
movemente. In several cases, mineral growth continued
into the I2 deformation episode. A system of mineral 
descriptions and their relations with the surrounding 
textures and other minerals has been adopted.
biotite
Apart from the development of eyn-kinematic biotites 
producing schistosities, prophyroblastic biotite is present 
in some impure limestones and graphitic schists. In the 
impure banded limestones, biotite flakes measuring up to 
1.4mm. occur in thin layers rich in quarts and silicate 
minerals. These biotites are noted from widely distribut­
ed localities - from iinfjord to Langstrand.
The biotites are randomly oriented in the banding and 
are invariably deformed, showing a marked uneven extinction, 
while the groundmass schistosity is deflected around the. 
porphyroblasts (Plate 115). im inclusion fabric is rarely 
present. hargins of the flakes are often ragged, the bio­
tite partially breaking down to quartz and matrix biotite, 
with scapolite developing and occurring as a corona around 
some of the flakes.
In a graphitic schist from linfjorddalon, biotite 
porphyroblast6 show a random orientation. They are de­
formed by ?2 folding, and show incipient chloritisation. 
These biotites are only weakly pleochroic, of pale yellow- 
brov/n colour and would appear to be phlogopitic. They
Plate 112. Sub-rounded clastic quartz grainsj Arlable 
ferruginous •quartsite*. Crossed polarised 
light X 60.
W
%
Plate 1 1 3 . Deformed pre-Fg biotite porphyroblast. Schist 
from Falkenes Limestone Group* Crossed polarised 
li^t X 48.
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contain fine dust trails which are generally sub-parallel tc 
the banding.
It is concluded that the porphyroblastic biotites 
developed in the static conditions between the two main . 
periods of folding. ho relationships with other porphyro- 
blaets have been observed.
Garnet
Tectural relationships of the inclusion fabric within 
garnet porphyroblasts and the groundmass fabric of the 
metasediments have been examined from widely separated 
localities. It can be demonstrated that garnet growth 
commenced in this static period and in some cases continued 
into the Fg episode of deformation. In some lithologies 
it post-dates Bj.
The present description will be restricted to those 
garnets developed prior to the folding. Zoned garnets 
containing static and kinematic ci^ yst alii sat ion evidence; 
are discussed later.
The relationship of the inclusion trails v/itlxin garnet 
porphyroblasts to the fabric of the groundmass schistosity 
is an Important criterion in recognising the age of growth. 
Garnets containing a non-rdtational arrangement of inclusioi 
trails of tiny, often elongate quartz grains, are inter­
preted as px’e-tectonic (here, pre-Fg) when the inclusion 
fabric is oblique to the schistosity of the groundmass
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(East, 1958, Bturt and Harris 1961, Johnson, 1962).
Idi oblast ic garnets in the lielleljord Schist frequent­
ly exhibit this textural relationship, the 8, schistosity 
spindling the porphyroblasts (Plates 110 and 111). It 
is significant that the groundmass grain size is appreciably 
larger than that of the relict inclusion fabric, as des­
cribed earlier. The interpretation is that the garnet 
has grown over the earlier finer grained fabric and has 
subsequently been rotated during the development of the 
coarser grained fabric.
Thus,, in any one schist band, the inclination of the 
included fabric to the groundmass may vary depending 
on the degree of rotation during As a rule, however,
the obliquity of the included trails remains fairly con­
stant within any one thin-section. In some cases, the 
trend of the inclusion fabric within the porphyroblasts is 
normal to that of £^.
With the recrystallisation of the groundmass, develop­
ment of the Sj schistosity and rotation of the garnets 
associated with planar-slip, quartz may be observed in 
the pressure-shadow areas adjacent to porphyroblssts.
This is relatively uncommon in the finer grained Ilellefjord 
Schists, but is often present in association with larger 
garnets of coarser schists and gneisses. Transverse 
tensional fractures are developed in many garnets, a
Plate 1 1 4 . Garnet stretched in Fg direction* 
Sillin»nite (fibrolito) nearby. Schist 
from Falkenes Mmestone Group. Plane 
polarised light x $5#
IN
Plate 115. Pre-Pg gamet. Fibrolite with transverse 
fractures. Plane polarised li^t x 55*
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further indication of their subjection to cheforr^ation.
In the small, l-2mm. garnets of the politic Eellefjord 
Lchist, fractures are extremely rare, possibly because the 
finely poekiloblastic nature of the garnets was not con­
ducive to fracturing. Another possible explanation is 
that the biotite-rich piiyllitic schist was sufficiently 
incompetent as to inhibit the development of tensile 
fractures.
In the slightly coarser, calc-siliceous bands of the 
Hellefjord Schist, garnets crystallised in this static 
phase often show an irregular, almost skeletal outline. 
They are poekiloblastic, but differ from the garnets of 
the phyllitic horizons in that the inclusions are fewer 
and of slightly larger grain size. This is a reflection 
of the fabric. furthermore, an orientation of in­
clusions is far less conspicuous than in garnets from the 
polite, and in many of the smaller garnets it is non­
existent.
The coarser, high grade kyanite-sillimanite schists 
contain garnets which often exhibit a non-rot at1onal 
arrangement of a finer grained fabric. This earlier 
fabric may sometimes only be seen in sections cut parallel 
to the F2 direction. Garnets are observed to be
stretched in the direction (Plates 114 and 115) und
fractures are present in both *ac’ and *bc* planes, less
TABIE 5
FIOBAL CCHPOBIflONB OF BEIjLFlFJOHI) SCHIST
152.
D86 D816A D319 U6O7 D550A D5 4 4
C/uartz 2 3 . 2 , 26.6 3 1 . 4 3 2 . 2 41.5 , 40.2
Plagioclase 21.4 1 3 . 6 20.2 14.4 2 3 . 8 r  24.0
Biotite 48.3 4 7  #9 24.5 2 3 . 5 6.4 1.8
Garnet 5 . 9 7 . 7 4.2 — —
Amphibole — 4.4 16.8 2 0 . 9 28.0
Diopside — 9 . 8 Tr.
Ecapclite — 5 . 6 1 1 . 7
Ore 0.1 1.8 0.3 0.4 0.2 ——
Apatite Tr. 0 . 5 0.6 0.4 0 . 3 0.5
Sphene — 1.4 0.6 1.8 1.7
Clinozoisite 0.2 0.2 1.7
Tourmaline 0 . 3 Tr. Tr. •—
Chlorite 0.4 mm III mtmmm MM 1.2
D68 and D816A - Garnet-biotite phyllitic schist 
D319 and D6O7 - Garnet-calc-silicate schist 
D53OA and D544- Hornblende schist.
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noticeably where garnets are highly poekiloblastic. The 
Eg groundmass fabric is again deflected around the garnets.
Evidence from the psammites indicates that garnet 
growth was predominantly static and pre-F^* Most thin- 
sections of quartcites show the iithology to be micaceous 
and often feldspathic. Garnet is present as sporadic * 
grains in many massive quartz!tea, but is better developed 
in micaceous peammites and eemi-pelites. Polite ribs 
within a psammite are sometimes studded with garnet 
porphyroblasts while the psammite may contain only rare 
garnet grains. This is a clear indication of a preferen­
tial growth for garnet. On a larger scale, the hemi- 
Pelites within the Klubben quartzite Group are distinctly 
garnet-rich over the whole area.
Porphyroblastic garnets in semi-pelitic and mixed ' 
pelite-psammite lithologies are rarely idioblastic. 
crystal outlines may be extremely irregular and skeletal 
due to later deformation, partial breakdown and groundmass 
regrystallisation. The garnets are seldom markedly poe- 
kiloblastic, but usually contain a few quartz grains.
Where a sieve-structure (abundant included grains of quartz 
and feldspars) is present, the internal fabric is normally 
less coarse than that of the groundmass, but coarser than 
that observed in garnets from other rocks 'in the Locambrian 
succession. This is merely a consequence of the original
Plate 116. Fractured pre-Fg G^^net. Hellefjord gchiat. 
Plane polarised light x 30#
Plate 117 • Gamet showing seotozal arrangement of 
inclus ions. Schist frcsa Falkenes Lime­
stone Group. Plane polarised li^t x 55<
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larger grain eize of psammites.
Many garnets developed in the psammitic lithologies 
are fractured, often considerably, Where a conspicuous 
fracture direction is present, this is, in all cases, 
normal tc the groundmass schistosity (S^), suggestive of a 
tensional origin. Moreover, usually spindles the 
garnets. The Inference Is that garnet growth was pre- 
kinematic; with compressive st/'esses normal to the plane 
of the Bj schistosity, complementary tensional structures 
resulted, including the systematic fracturing of the 
garnets. In psammites from the Skarvfjord-Ijzfnseby area, 
garnets have been broken down (sometimes comminuted) by 
the intense Fg axial planar slip, and drawn out as trains 
of grains and granules along the schistosity. Various 
stages in this process can be noted. A pre-F2 origin 
for the garnets is therefore indisputable, while the 
inclusion fabric evidence from less deformed porphyroblasts 
suggests that they have overgrown an earlier, fabric.
Garnets with an internal r a d i a l  arrangement of clear 
sectors separated b y  narrow zones rich in fine inclusions 
and dust g r a n u le s  ( P la t e  1 1 7 )  a re  p r e s e n t  in schists f r o m  
the Falkenes Limestone G ro u p  at lundhavn and Langstrand. 
These are similar to the sectoral garnets described b y  
Barker (1950) and East and Sturt ( 1 9 5 7 )• Unlik#L those 
in the g a r n e ts  described b y  East and Sturt, the fine
155#
inclusions do not show any dimensional elongation.
Moreover, in the examples the inclusions are virtual 1;
unrosolvable, although graphitic granules are quite abund­
ant. ^ach of the larger "clear" sectors exhibits an 
exceptionally fine, parallel arrangement of minute parti­
cles, possibly of carbonaceous dust, with some quartz.
This alignment is always nox*mal to the garnet margin. 
Scattered larger ore laths, quartz and apatite grains 
generally lie parallel to this alignment of particles in 
each of the sectors. Finally, the marginal zone of the 
garnet tends to contain an abundance of graphitic in­
clusions.
This sectoral, zoned arrangement of included 
particles in garnet was regarded by Harkcr (1950) as poly- 
synthetic twinning. He also suggested that the inclusions 
are situated along the traces of the edges of the growing 
rhombdodecahedra. East and Eturt (1 9 5 7 )  expand on the 
latter hypothesis in stating that, under static conditions, 
"the purely crystallographic factor of velocity of growth 
determined those sectors v/here growth was fast and in­
clusions were preserved and those where the slowly growing 
mineral allowed the dissolution of inclusions". Thus,
along the edges of the crystal, rhombohedral surfaces 
converging towards the centre, growth was faster than on 
the faces*
156.
Ctaurolite
Etaurolito has been noted from only 5 thin-sections 
witliin the itorclv Lchist and Falkenes limestone Croup, fros 
widely scattered localities. In one specimen of coarse 
Etorelv Schist, from Bkarvdalen, staurolites up to 1.5cm. 
are present and one "skew" penetration twin - with a (2 3 2) 
pyramid as twin-plane - is noted.
In thin-section, staurolites rarely attain 
they are occasionally twinned and are usually poekiloblast- 
ic, the inclusion fabric being distinctly finer grained 
than that of the groundmass schistosity. The inclusions 
are of quartz grains and ore laths in the Storelv Schist 
specimens, but predominantly of ore and carbonaceous dust 
(with some quartz) in a tourmelinised schist from the 
Falkenes Limestone Group, The internal inclusion trails 
are invariably straight and are often oblique to the 
external .
Evidence that the growth of the staurolites pre-dates 
is ubiquitous. Many crystals are slightly bent showing 
undulatory extinction, while others are fractured and 
partially replaced by the fabric. A conspicuous and 
pronounced tensional fracture pattern, normal to the Sj 
schistosity, is present in almost every crystal, particu­
larly in those staurolites from the tourmalinisod schist.
In this rock, from near Skarvd3i.-col, garnets are profuse
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and exhibit identical inclusion trails and 'be/ tensional 
fractures to those noted in the staurolites. The garnets 
invariably have a narrow (0.1-0.2mm.) marginal zone, 
usually devoid of inclusions, which is not always continuous 
In a few garnets staurolite is included in this peripheral 
zone. The inclusion fabrics of both staurolite and garnet 
are however identical, so that it is not possible to say 
which mineral is the earlier on the basis of the inclusion 
texture. However, the margins of garnets enclose staux'O- 
lite which suggests that the outer zone of clear garnet 
post-dates staurolite. This is in accordance with the 
general observation that, of the porphyroblastic minerals, 
garnet has the longest period of crystallisation - in some 
schists it post-dates Bj.
In this same Iithology the tourmalinisation is early 
eyn-kinematic and clearly post-dates both garnet and
staurolite. • In the Etorelv Schist thin-sections, stauro- 
lite-garnet relations are nov/here seen.
IFyanite
This mineral is found as porphyroblasts in many thin- 
sec tions of Etorelv Schist and schists within the limestome 
It is also present in a thin polite band in the massive 
quartz!tes recognisable both on Blaf jell and east of Ar;j
Ekarvfjordhamn. Clearly an original aluminous sediment is 
favoured as a locus for kyanite growth - no kyanites are
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found in the psammites.
Criteria for recognising the main growth stage for 
kyanite as being late in this static pre-Fg metamorphlc 
phase are essentially identical to those outlined for 
staurolite* and garnet. a finer grained inclusion fabric 
is less common in kyanites howevoz*. Deformation features 
are similar - bent and fractured kyanites are often more 
conspicuous, perhaps on account of the elongate piety 
nature of many of the crystals. In some thin-sections, 
kyanite plates show a definite preferred orientation, the 
cryetallographic 'c' axis parallel to the Fg direction. 
Barely, kyanite plates are deformed by several kink-bands 
trending across the length of the crystal, either normally 
or obliquely (Plate 118). These ere probably related to 
the later phase of Fg movements. Near Langstrand, 
kyanites in a graphitic schist are strongly deformed by 
late-ig microfolds.
Although evidence of its age relative to other por­
phyroblasts is meagre, kyanite growth was dominantly pre- 
Fg, as evinced by inclusion and deformation features.
Come kyanite is thought to have developed during early-F^ 
times, probably Weval with the development of Bj. In the 
strongly tourmalinised schist band mentioned earlier, 
kyanite is noted in one thin-section as an aggregate of 
grains, within which is enclosed a small garnet. This and
Plate 118• Kÿanite with kiak-hands* Storelv 3chiet« 
Crossed polarised ll#it x $0.
Plate 119. Fibrous sillimanite (fibrolite) showing 
transverse fractures. Scàiist from Falkenes 
Limestone Croup. Plane polarised li^t z 60.
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other similar evidence-would possibly signify that the 
kyanite post-dates the garnet in this instance. Staurolite 
-kyanite relationships are nowhere seen.
Mention can be made here of replacement of kyanite by 
muscovite in some schists of the limestone group. All 
stages of replacement can be traced, some of the replace­
ment clearly being pseudomorphous (see pJ7k).
Lillimanite
The occurrence of sillimanite is largely confined to 
schiste of the Falkenes limestone Group, moreso those 
immediately below the Upper limestone. The mineral has - 
also been noted in two specimens of Sttj^elv Schist, from 
Langstrand and Skarvfjord and in a coarse quartz-kyanite- 
garnet schist from Pinfjordnaeringen.
In hand-Bpecimen, sillimanite is prominent as small 
white- or cream-coloured knots which are visibly flattened 
in the plane, and drawn out in the direction.
Microsco%)ic examination confirms that the sillimanite 
needles and fibres have a marked preferred orientation. 
Typically the sillimanite occurs as swarms or trains of 
acicular crystals having a felted or quasi-fluxional. 
arrangement; at times a feathery pattern is produced by 
the fibrolitic mineral.
A notable observation is that the sillimanite fibres 
are clearly associated with biotite. It can be dernonstrat
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•ed quite clearly that the Billimanite is developing 
primaidly from biotite. Marginal replacement.of kyanite 
by sillimanite is occasionally observed, while some per- 
pliyroblastic garnets are corroded peripherally by the 
surrounding sillimanite. Garnets display an amliguity 
in this age I'olationship however, in that some marginal ■ 
zones, otherwise inclusion-free, contain needles of silli­
manite orientated similarly to those outside the garnet* 
This ambiguity may occur within the same thin-section.
Transverse fractures are common in both individual 
sillimanite needles and in sheaves of.oriented sillimanite 
(Plate 119). These fractures may be abundant in thin- 
sections cut parallel to the lineation; they also transect 
partially digested biotite within the fibrolite trails, 
and can be observed to pass into garnet porphyroblasts 
which develop prominent *ac* fracturing* In sections 
normal to the Fg lineation, sillimanite is character­
ised by a profusion of minute, square- and diamond-shaped 
end-sections. These are usually near-isotropic and tend 
to occur around gai*net porphyroblasts or as isolated knots.
Diopside
Both the Hellefjord Schist and calc-silicate schists 
of the Falkenes limestone Group axe diopside-bearing 
lithologies. In the Hellefjord Schist the coarser grained 
bands contain both pyroxene and am%)hibole as well as
ik
i
Plate 120. Diopside partially replaced Toy homloleMe• 
Hellefjord Schist. Plane polarised li^t
z 55.
Plate 121. Diopside altering to hornblende. Hellefjord 
Schist. Plane polarised li^t x 6 $.
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scattered garnets. Limestones also contain diopside.
This mineral occurs chiefly as xenoblastic porphyro­
blasts, often quite ragged and with variable replacement by 
amphibole or late soapolite and calcite. The schist­
osity usually spindles the diopside. Inclusions within 
the diopsides are relatively uncommon. In several calcic 
schists and iinpure limestones, the pyroxene may be present 
either as small stubby prisms or in a graniilar form, there 
being a noticeable preferred alignment in the schistosity.
Eo strict linear element has been observed. Twins with 
(100) as twin-plane are only rarely encountered but in some 
of the larger porphyroblasts polysynthetic twinning is 
discernible.
Various stages in the uralitisation of diopsides are 
demonstrable (Plates 120 and 121), but the process of 
replacement is seldom so advanced as in the metagabbros 
(see p.22h)# Garnets, normally skeletal and spongy in 
calc-siliceous schists, occasionally enclose diopside or 
uralitised diopside. This would indicate that garnet 
growth post-dates that of pyroxene, although uralitisation - 
has seemingly occurred both pre- and jost-Bj.
Amphibole
Amphibole, namely hornblende or actinolitic hornblende, 
occurs extensively throughout the Hellefjord Schist and in 
the ampiiibolites and metagabbros. Within the falkenes
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Limestone Group, tremolite is the dominant amphibole. 
Cummingtonite has been described from I infjordnaeringen.
J\. strong preferred linear orientation of the 'c'-axes 
of long prisms and needles of (actinolitic) hornblende in 
the I2 direction is characteristic of the flaggy 
Hellefjord Bchist. Thin-sections cut normal to fold 
axes show a preponderance of lozenge-shaped amphibole end- 
sections, the Sj schistosity being deflected around the 
small porphyroblasts. Twins with (100) as twin-plane 
are not uncommon. Furthermore, a planar orientation of 
the amphibole is often discernible, with (100) more or 
less parallel to The actinolitic hornblendes may or
may not contain inclusions (minute quartz grains and 
biotite flakes) while the margins of the porphyroblasts 
are sometimes corroded by the fabric ; quartz and bio­
tite (of BjJ are the chief replacive minerals.
Uralitisation of diopside is frequently observed in 
these calc-siliceous schists. In a few instances the 
uralite is paler in colour than the bulk of the surrounding 
hornblende. Late alteration products from hornblende are 
scapolite and calcite, rarely chlorite.
Tremolite, or tremolite-actinolite, is present in the 
limestones and associated phyllites and schists. In 
phyllites, tremolite often occurs as knots or sheaves, up 
to 1.5cm. across, the groundmass schistosity spindling the
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almost fibrous, colourless or pale-green mineral aggregate. 
The inclusion content varies enormously. In some highly 
poekiloblastic tremolite knots, the inclusion trails, 
although oblique to the trend, are indistinguishable 
texturally from Ej. Some marginal flexing of the inclusioz 
trails is observed however, so that the tremolite growth
can be envisaged as continuing into the period of
deformation from the pre-l2 static phase.
In limestones, colourless tremolite is frequently 
present as scattered laths which, together with flakes of 
phlogopitic biotite, help to define the schistosity.
Occasionally porphyroblastic tremolites measuring up to 8mm<
occur in limestone. These are markedly spongy containing 
abundant inclusions of calcite with sporadic quarts grains. 
In specimen L.l. from langstrand, the groundmass calcite 
fabric contains much granular ore and graphite dust which 
is only rarely present in the tremolite porphyroblasts.
The cummingtonite which occurs in a cuiJous quartz- 
garnet schist in East linfjord has a preferred dimensional 
lineaticn. Optical properties correspond with those of 
cummingtonite, notably the biaxial positive figure, 
llongate sections are length-slow; the maximum extinction 
angle is 20^. Twinning on the (100) twin-plane is quite 
common.
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Feldspar
The various feldspathisation features producing garnet- 
hornblende gneiss and granitic gneisses are fully documented 
later in this metamoi’phic section (p. 186). It can be 
mentioned here however that plagioclase porphyroblastesis 
along with some microcline crystallisation was initiated 
late in this static period, prior to the Fg tectonis^
M any f e ld s p a r s  a r e  g r a n u la te d  and f r a c t u r e d  b y  th e  Fg 
d e fo r m a t io n ;  8 ^  i s  d e f le c t e d  a ro u n d  th e  p o r p h y r o b la s ts  a l s o .
( 3 )  The e a r l v - F g .  s v n - t e c t o n ic  m e ta m o rp M sm
Second generation folds refold the early tight, re­
cumbent folds, producing a prominent axial planar schistosity 
S^. Porphyroblasts were rotated, while some porphyroblast 
growth continued into the kinematic period. The dominant 
textural feature is the extensive and intense recrystallisa­
tion which has affected the complete fabric of all 
lithologies. As a result of this, the component minerals 
are bigger and the general fabrics coarser grained than 
those produced during the deformation.
Quartz and biotite show fairly outstanding recrystallis­
ation features. Biotites exhibit a distinct planar orienta­
tion in the plane of the newly developed schistosity.
This is a ubiquitous feature in the Hellefjord Schist and 
various psammites and semi-pelites. In many thin-sections, 
8 ^ is markedly oblique to the recognisable banding; in 
micaceous quartzites, abundant scattered biotites are
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regularly oriented parallel to the Fg axial planes. As 
noted earlier, the biotites in pelitic laminae are often 
mimetic after the earlier 8 g fabric, though now of larger 
size.
In calc-siliceous schists, biotite and amphibole 
depict the schistosity, the latter invariably developing 
a marked dimensional orientation paralleling the fold 
axes. The small 3^ biotites are sometimes seen to be re­
placing the actinolitic hornblende. Quite probably some
of this replacement is syn-kineraatic, though post-3^ altera­
tion is not ruled out.
v^ uartz has suffered intense recrystallisation, which 
is substantiated by petrofabric analyses of psammites.
(See Appendix). These show the dominant type of quartz 
(0 0 0 1 ) orientation to be a peripheral 'ac' girdle normal to 
the Fg fold axes. With one minor exception, there is a 
lack of evidence of a fabric which can be related to the F-j^ 
deformation. This accords with textural studies, for, as 
described previously, the only evidence of an F^ fabric is 
usually confined to that preserved within porphyrblasts. 
Quartzes usually show straining. This is chiefly the result 
of late-Fg brittle deformation.
Evidence of post-growth rotation of minerals is display­
ed by porphyroblasts of garnet, kyanite and staurolite tdiich 
have a rectilinear non-rotational pattern of the internal 
inclusions arranged obliquely to the fabric of the matrix.
Plate 122* Garnets with sigmoidal trend of inolusion 
fabric* Hellefjord Schist* Plane polarised 
light X 30*
Plate 125. Garnet with sigmoidal tread of inclusion 
fabric* Beliefjord Schist. Plane polarised
light X 60.
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In three thin-sections of Reliefjord Schist, the inclusion 
trails within garnets show a weak sigmoidal pattern (Plates 
122 and 123). Garnets having an S-shaped inclusion pattern 
are usually interpreted as syn-tectonic (Hast, 1958, Sturt 
and Harris, I9 6 I), indicating rotation during growth. With 
the Reliefjord Schist garnets, however, the curvature of the 
inclusion trails is confined to a narrow (.0 5 -*3 nim.) marginal 
zone. Moreover the fine inclusion fabric is of constant 
grain size from core to margin, and is essentially a preserv­
ed fabric. It would appear that, while the bulk of the 
garnet has grown during the pre-F^ static conditions, the 
peripheral zone of curved inclusion fabric has developed 
during the early stages of the deformation. This peri­
pheral zone also contains fewer inclusions, probably indi­
cating a slower velocity of growth, and has a slightly higher 
relief than the core.
The rotated garnets are interesting in that, in any 
one thin-section, the better developed S-shaped inclusion 
trails are seen in the biggest garnets. The sigmoidal shape 
gradually disappears with decreasing size so that the small 
garnets have a rectilinear inclusion fabric. This appears 
to be simply a consequence of the sectioning of the garnet 
porphyroblasts; those cut centrally are naturally of maximum 
size and would illustrate maximum rotational features, where 
the axis of rotation parallels the Fg ’b* direction. Gamete 
cut marginally show little, if any, discernible effects of
mPlate 1 2 4 . Kyanite shewing sigmoidal trail of quartz 
inolusims. Schist from Falkenes Limestone 
Group* Plane polarised li^t z 4 8 .
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rotation.
Again, in any one thin-section containing rotated 
garnets, the sense of rotation is constant. This complies 
with theory, since on any fold limb characterised by planar 
slip (parallel to 8^), relative movement should be constant.
Further evidence of syn-kinematic garnet crystallisation 
is provided by the zoned garnets from schists within the 
Falkenes Limestone Group. In these garnets a marginal zone 
containing very few inclusions surrounds the bulk of the 
garnet which has clearly grown statically over a rectilinear 
fabric. Some marginal zones contain sillimanite needles 
which trend into the sillimanites of the groundmass fabric; 
similarly, in the inner part of the marginal zone, the silli­
manite needles swing round (and are sometimes bent) into 
parallelism with the core F^ fabric. The interpretation of 
this is that the outer zone of garnet is syn-tectonic, over­
growing the inner static zone.
Kyanite is often deformed though evidence of its syn- 
tectonic growth is poor. Only one kyanite crystal has been 
found containing an S-shaped inclusion fabric, whereas 
several retain a rectilinear earlier fabric which is often 
oblique to S^. In Plate 12^ from a schist within the 
Falkenes Limestone Group, the kyanite containing the rotation 
-al pattern of internal trails is spindled by the micas 
and has related pressure-shaddows of recrystallised quartz. 
Extinction within the kyanite is only slightly uneven (2i°).
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To the N.W. of Skarvfjord, kyanlte-quartz segregatory 
pods are present in the severely tectonised Storelv Schist. 
Kyanites are up to 15cm. in length, and are presumed to have 
grown during the deformation. Nearby similarly developed 
garnet-biotite lenticles contain 8cm. garnets; these show 
good rhombdodecahedral form but are quite impure and crowded 
with Inclusions. They are thought to have developed in 
favourable low-pressure sites during the intense deforma­
tion.
Sillimanite develops indiscriminately from biotite of 
both pre-Fg and generations. Its crystallisation could 
therefore be regarded as Fg, but the sillimanite trains are 
traversed by numerous tensional fractures of Fg age.
Growth was probably initiated just prior to deformation.
As described earlier, some tremolite growth continued 
into this syn-tectonic metamorphic phase, while actinolite 
and hornblende segregations within limestones and calc-sili- 
cate schist bands signify, in part, an Fg development.
The limestones are composed predominantly of recrystallised 
calcite, with phlogopite or phlogopitic biotite depicting 
the rude atiistosity. Im,several limestones, the calcite
grains develop a perceptible flattening within the plane of 
the 3^ schistosity. 3mall tremolite laths also help to 
mark the schistosity; in some calo-silicate schists composed
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largely of tremolite and diopsIde, small aligned tremolites 
display a lopidoblastic texture.
Feldspathisation and granitisation features described 
elsewhere were initiated prior to the deformation but 
have often continued into this kinematic phase. In the 
Skarvfjordhamn area an example of the late granitisation 
of a mixed semi-pelite-psammite sequence depicts fold 
closures in quartzite bauds as the sole relics of this 
process. The sheared limbs and semi-pelite bands are now 
converted to a granite gneiss. The veins of aplite and 
pegmatite emplaced along, or sub-parallel to the axial 
planes of F^ folds have also originated during this F^ 
deformation episode. These are non-dllational replacive 
bodies (see p.208), usually deformed during the late phase 
of the F^ deformation, while exhibiting an imperfect 3^ 
schistosity.
The normal metamorphic feldspar, seen as polygonal or 
equant grains, with boundaries varying from straight to 
sutured, has clearly recrystallised during this tectonic 
phase. Plagioclase composition ranges from to
but significant variations are discernible I'/ithin the meta­
sediment ar y lithologies. The plagioclase of quartzites and 
allied rock-types shows a variation from
comparison with a range An^^-An^^ for the calcareous Helle- 
fjord Schist. Schists containing kyanite and sillimanite
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(mostly those within the Falkenes Limestone Group) have 
plagioclase in the range An^^-An^^* Progressive granitisa­
tion, with gneisses as the ultimate product, yields a more 
sodic plagioclase feldspar (see p.197). Microcline is an 
important constituent mineral in many arkosic psamrriites, 
occurring as small, fairly enuant grains in the groundmass 
fabric. The familiar cross-hatched twinning may be poorly 
represented. Studies have not been made on the triclinicity 
of the potash feldspar.
Tourmalin!sation of a garnet-kyanite-staurolite schist 
near Skarvdal-col is a distinctive syn-F^ feature and quite 
unique in this area. Its known outcrop extent is restricted 
to two exposures some 35m. apart along the strike. Tour­
maline enrichment of the schist is irregular, at best a 
dense, closely knit aggregate of crystals enclosing relics 
of the schist fabric, chiefly partially degraded garnet and 
highly altered plagioclase. The tourmaline is strongly 
pleochroic from yellow to olive greens or browns and often 
exhibits a zonal structure. Some crystals contain abundant 
granules of ore or graphite.
Although the tourmalines overgrow the fabric they 
usually exhibit imperfectly developed tensional fractures, 
parallel to those noted in the garnets and staurolites.
This would seem to verify the syn-kinematic age for the 
tourmalin!sation. The source of the fugitive components of
tourmallnisation is almost certainly the tourmaline pegmatite
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which crops out intermittently near the base of the Lower 
Limestone. These pegmatites have a syn-F^ age. The 
nearest pegmatitic body is some 60m. from the tourmalinised 
schist.
In the toilrmaline-rich segregations, iron ore (magneti# 
laths - some 3mm. in length - are numerous and appear to be 
associated with the tourmalinisation. They are sometimes 
flexed by the late-F^ movements.
Tourmaline is a common accessory mineral in many 
thin-sections of Ilellefjord Schist, particularly the less 
calcareous horizons. It occurs as minute, olive green 
prismatic grains (rarely > 0.1mm.) always aligned in the 3^ 
schistosity; hexagonal end-sections constitute 80^ of the 
tourmaline grains in some thin-sections, indicative of a 
preferred orientation parallel to the fold axes. The 
kyanite-sillimanite schists of the Falkenes Limestone Group 
also contain scattered minute tourmalines, as does the feld­
spath! sod and pegmatized 3torelv .Schist. Tourmalines in 
the latter lithology are clearly metasoraatic, but those 
present throughout the Hellefjord Schist appear to represent 
original recrystallised grains.
Brecciated and mylonitic rocks associated with faulting 
are discussed later, but mention can be made here of mylonÜBS
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developed by the sliding. The mylonites or calc-
mylonites are present in a 70-60cm. thick slide zone near 
the top of the Lower Limestone (see p.25 ). In thin-section 
the typical calc-mylonite is composed of finely comminuted 
calcite, at times cryptocrystalline with streaky laminae 
containing dusty ore or graphite. Fragments of calcite 
crystals, quartz, tremolite, phlogopite and schist lenticles 
are quite abundant (Plates 125, 126 and 127). These 
usually have sub-rounded or rounded margins and are in­
variably of elliptical shape exhibiting a notable planar 
orientation in the lamination”. Schist and limestone
fragments are ^ K^am. across although calcite and other 
minorai fragments are usually 4 1mm.
Cataclastic textures and structures are ubiquitous 
in this tectonic lithology. Calcite fragments exhibit 
glido lamellae many of xdiich are bent (some showing an 3- 
shape) and some fractured with the granulated matrix pene­
trating along the fractures; marginal granulation is common­
ly seen. Quartzes are intensely strained, sometimes with 
a biaxial figure: grain boundaries of quartz aggregates
are highly sutured: Boehm deformation lamellae are quite
conspicuous. y^ s with the other minerals, fractures (often 
transverse to the planar element) are present in quartzes, 
along which the matrix carbonate has penetrated. Phlogopiti 
is considerably deformed, often bending through 90°.
Plate 1 2 5 . BreociAted and coTmlnctod limestone from 
minor slide zone. Plane polarised li^t
X 25.
ÊÊmm
Plate 126. Brecciated limestone. Fragments mainly of 
calcite crystals with some quartz. Plane 
polarised li^t x 25*
Plate 127. Severely etreined fragment of qmrtz and 
calcite from slide-breccia (in limestone ) 
Crooeed polarised li^t x 25*
Plate 128. Kyanite partially replaced lay muscovite. 
Schist from Falkenes Limestone Group.
Plane polarised li^t x 55*
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Tremolite is less flexible than mica, tending tq fracture 
rather than bend; sometimes the.separate fragments have 
been pulled apart.
(4) The post-E^ (static) metamorphism
The ?2 period of deformation has been sub-divided into 
two movement phases of which the earlier is by far the 
more important from the point of view of major deformative' 
structures. The schistosity, axial planar to folds, 
was generated during this early-Î2 Phase. In particular 
lithologies, certain minerals clearly post-date the 
fabi'ic. Borne minerals show deformation features which arc 
ascribed to the late brittle phase of the I2 tectonism.
The two main criteria for recognising post-6^ 
crystallisation are:
(i) The continuation of the trend of the groundmass 
schistosity (Sj) through porphyroblasts without 
any deflection of the constituent minerals.
(ii) The abrupt truncation of groundmass trends by 
porphyroblasts* No spindling or deflection of 
the mica fabric around the porphyroblast is 
observed
Minerals which crystallised in this post-tectonic 
static phase of metamorphism include muscovite, tremolite 
and garnet. Scapolitisation, uralitisation and some 
chloritisation may also be attributed to this phase*
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Comparinp the post-8^ mineral assemblage with those of the 
pre- and syn-F^ crystallisation phases, it is apparent that 
this static post-S^ episode is one of waning metamorphic 
grade ensuing the early-lg movements.
There are three modes of occurrence of muscovite of 
this post-tectonic stage, one of which is possibly contin­
uous from the main folding. These arc:
(a) The development of irregularly shaped 
porphyroblasts in psammites.
(b) The replacement of kyanite (and less commonly 
sillimanite) by large muscovite flakes.
(c) The bleaching or muscovitization of biotite.
Late muscovite in quartzites occurs as ragged flakes
up to 2mm. across. They are often markedly oblique to 
the Sj schistosity enclosing small biotites (or partially 
chloritised biotite) which parallel the groundmass trend. 
The larger muscovite flakes are frequently spongy and of 
irregular outline owing to the enclosure of groundmass 
quarts and feldspar. It appears that the irregular shape 
of the muse0vites has been partly conditioned by the shape 
of the grain boundaries of the quartz and feldspar. home 
musoovite is vermicular, either wholly or partially, the 
vermicules being of quarts.
Kyanite is replaced by muscovite in schists from the 
Falkenes limestone Croup and also in some specimens of
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Storelv Schist. In many instances the mica appears to be 
pseudomorphous, occurring as long flakes containing optical^ 
continuous relics of the original kyanite. In other cases 
several small muscovite flakes, of random orientation, are 
replacing kyanite. It is instructive that all stages in 
the replacement of kyanite by muscovite may be demonstrated 
in one thin-section of garnet-kyanite schist (below the 
Upper limestone) from H^nsebydalen (Hate 128). Moat 
other thin-sections show either the incipient or late stages 
of replacement. Such replacive muscovites may also enclose 
grains of quartz, tourmaline and ore as well as small flakes 
of groundmass biotite. Fine slivers of ore along 
muscovite cleavages may result from a partial breakdown of i 
biotites.
In a few sillimanite-bearing schists, muscovite flakes 
appear to enclose trains of acicular sillimanite, often 
overgrowing the schistosity at random. One schist contains 
knots of fibrous sillimanite which are partially replaced by 
a post-Sj generation of muscovite. Gradations in this 
replacement are observed.
The third occurrence of post-S^ muscovite, probably 
partly syn-tectonic (main F^)» is that derived by a bleach­
ing of biotites, essentially a process of muscovitisation. 
This is discernible in some specimens of quartzites and 
htorelv Schist. In the latter, lepidoblastic muscovite
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containing abundant ore granules and slivers of ore along 
the cleavage planes, frequently encloses streaky biotites 
in a stage of replacement by muscovite. This biotite is 
often a distinctly paler brown colour with ore granules 
and iron oxides (mostly limonite; adjacent to the remuant 
flakes. Many musoovite flakes have oxidation stains 
along cleavages and sometimes mantling the flakes, while 
occasionally the ferric oxide occurs around quartz grains.
Garnets which post-date the schistosity and occur 
mainly in amphibolite dykes are described later. These 
are zoned garnets, the outer zone of which overgrows the 
schistosity which itself spindles the inner zone of pre- 
or syn-tectonic garnet. Grains of sphene, apatite and ore, 
orientated in the groundmass schistosity are present as 
inclusions in the outer zone of post-Sj garnet, preserving 
their 8^ orientation. In sillimanite-garnet schists, part 
of the peripheral zone of zoned garnets may be completely 
post-Bj, though evidence in favour of a syn-tectonic 
growth is observed in some sectioned garnets. Garnet 
growth here can be envisaged as continuing after the 
cessation of rotation and planar-slip.
Email garnets, devoid of inclusions and truncating 
micas, characterise parts of the coarse Btorelv Schist.
These would appear to be post-S^. In some thin-sections, 
however, an extraordinarily fine-grained quartz fabric
Piute 129. Poet-Sx trom^ l^ite parj^iyroblasts • Phyllite 
from FalKeaaee limes tone Group* * Plane 
polarised light x 40.
Plate 150* Tcmolite ovorgrowing an S% schistoslty* 
Phyllite. Plane polarised Ix^t x 95*
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occurs in the cores of these garnets, the outer zone remain­
ing clear. In this case, it is plausible to infer the 
initial garnet growth as being pre-F^, with slow growth 
and accretion occurring tliz-oughout and after the 
recrystallisation.
A most striking post-Ej mineral growth is illustrated 
by small adioblastic tremolites in a phyllite from the iin- 
fjorddalen limestone scarpI The tremolite occurs as long 
laths, up to 4mm. in length, in a 5mm. wide zone of phyllite 
adjacent to a diopside-tremolite boudin. The fine-grained 
phyllitic fabric, the mica being a pale brown phlogopitic 
biotite, continues without any deflection through the ran­
domly oriented tremolite porphyroblasts (Plates 129 and 130),, 
The inclusions are chiefly of small, slightly elongate 
quartz grains with sporadic, partially digested phlogopite 
sometimes visible. As well as enclosing the Sj fabric, 
the porphyroblasts also abruptly truncate the groundmass 
schistosity. They frequently exhibit simple twins.
Although fairly random in its position of growth, the 
post-Sg tremolite is rarely markedly oblique to the 
schistosity. Most porphyroblasts are aligned from 0° to
2 5^ to the planar fabric, so that this plane can be re­
garded as having facilitated tremolite growth.
It is probable that some uralitisation of pyrozene has 
continued during this immediate post-Sj phase of waning
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metamorphism. Kvidence for this is often ambiguous 
(within any one thin-section), but the inclusion of unde­
flected BU biotites is favourable evidence for late amphi­
bole growth.
fcapolite is a common post-S^ mineral in calc-siliceous 
schists and impure limestones* It replaces both amphibole 
and diopside and less commonly plagioclase, enclosing 
biotites and some quarts. In impure limestones, porphyro­
blastic scapolite may occur up to 3mm. across, preserving 
the Ej fabric as trails of small biotite flakes.
Secondary calcite occurs in many calcic schists, as 
well as in boudin nodes, pressure shadows adjacent to 
porphyroblastic minerals and various veinlets and fractures* 
That occurring in calc-siliceous Beliefjord Echist is usual^ÿ 
of irregular form enclosing biotites, quartz and ore grains 
of the Cj fabric* It is frequently present in association 
vjith diopside (and uralitised diopside) porphyroblasts and 
scapolite and appears to post-date all these minerals. 
Calcite crystals occurring in the nodes of boudins - chiefly 
boudins of calc-silioate bands in limestones, etc. - may 
exceed 1 cm* in length* The pressure shadows adjacent to 
porphyroblasts of almandine garnet in the biotite phyllite 
of the Beliefjord Schist occasionally contain calcite, 
although the mineral is rarely observed in the groundmass 
phyllitic schist* In interbanded calc-eilicate layers,
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however, calcite is quite common representing^a recrystalli- 
sation of CaCOg within the rock.
Chlorite replacing biotite and garnet is mostly regard­
ed as a late diaphthoretic mineral particularly where seen 
associated with late-I^ brittle microfolds and fractures. 
Some chloritisation features may date from this post-S,, 
static metamorphic phase, particularly chlox-itised biotite 
flakes which are flexed by later strain-slip movements.
In the tourmalinised schist previously described, radial or 
fan-shaped aggregates of pale grey-green chlorite (some 
"fans" up to 4mm. across) occur in the tourmaline segrega­
tions. The chlorite is probably ripidolite. It is 
clearly associated with and is replacing tourmaline, but 
also corrodes and partly replaces garnet. Plagioclase 
grains enclosed within the tourmaline-chlorite segregations 
are now almost completely altered to a grey, cbudy, 
cryptocrystalline mass.
The chlorite of this tourmaline schist is sometimes 
deformed by numerous kink-bands which trend at high angles 
to (CCI). Bimple bending of the (001) cleavage is 
further evidence of its later deformation. Barely, a dis­
continuous mantle of small muscovite flakes is present 
around garnets in this chlorite segregation and these also 
eiüiibit late-IV, deformation features.
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(5) The late-Fo retroRresslve metamorphism
This represents the ultimate stage of the D etamorphlc 
history and took place simultaneously with the late-Fg, 
brittle phase of deformation* The late-Pp deformation 
includes faulting, with the production of breccias, late 
shearing and microfolds of the By. schistosity* The 
mineralogical breakdown of the former high-temperature 
minerals is a significant feature of this metamorphic 
phase. Similarly, various mechanical deformative effects 
are products of the dislocation rnctamorphism.
Chloritisation of biotite and garnet, and less commonl; 
amphibole, is a major diaphthoretic process, though usually 
of restricted occurrence where attributed to this late 
phase of metamorphism. uhlorite may replace and pseudo- 
morph garnet. This is demonstrated particularly well in 
thin-section B88 from the i^ellef jord k^chist : in this
fine-grained schist preferential chloritisation of biotite 
has occurred along several irregular fractures as well as 
along late-1^ strain-slip cleavages (0.2mm. wide). Glino- 
soisite also occurs along the fractures and strain-slips* 
Dodecahedral pre-Fg garnets situated along or near to such 
dislocations are partially or completely chloritised 
(Plate 1 3 1)♦ Complete peeudomorphing of the garnets by
chlorite (sometimes with grains of clinoaoisite) is bettor 
seen along the strain-slip cleavage, the chlorite peeudo- 
morph retaining the Fj quartz fabric. It is notable that
%4 4
Plate 1)2. late-Pg ahear zones Belief Jord Schist. 
Plane polarised light x 25»
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chlorite replacement of garnet proceeds initisilly along 
fractures within the garnet which are usually transverse 
to the Dj planar orientation.
In other lithologies chlorite develops largely from 
biotite but is not a common mineral. Many thin-sections 
of psammites contain biotite which exhibits incipient 
chloritisation along margins and cleavages. A garnet- 
bearing aplite (specimen LR.39) shows a curious localised 
chloritisation wherein chloritised biotites are present in 
a 1mm. wide aureole around garnet porphyroblasts. This is 
particularly noticeable at the aplite-psammite contact; 
in the metasediment, a 2mm. wide biotite-rich "basic front" 
is quite conspicuous. Where garnets are situated along 
the aplite-psammite contact the chloritisation of biotite 
is prominently displayed.
The alteration of plagioclase to sericite or saussurite 
is mostly confined to this late phase of brittle deforma­
tion and probably also post-dates the movement episode* 
Within late-F2 shear zones and in specimens of fault- 
breccia, plagioclase is quite often altered to a grey, 
cloudy, cryptocrystalline mass which would seem to have 
been induced by dynamic conditions coupled with falling 
temperature.
The late-I2 minor shears and microfaults are charac­
terised by intense cataclastic features with the production
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of finely comminuted, mylordbic material. Shear zones of up 
to 2mm. in width ©re obBex’ved in thin-section; within 
Buch zones, numorous sub-parallel planes of more intense 
Bbearing and granulation interdigitate with thin lexises of 
incompletely comminuted metasedirnent or individual mineral 
grains (Plate 1J2). flexed serlcitic flakes are sometimes 
aligned along the shear planes. In many such examples of 
shears and shear zones, chlorite is absent but both biotite 
and hornblende are bent and granulated respectively. 
Magnetite occurs frequently along shear zones as irregular 
grains, patches or threads. It is often partly altered 
to haematite or limonite.
Poult breccias are not uncommon. They vary in 
content and grain size, depending largely on lithology. 
CataclaBtic features, often spectacularly developed, include 
the severe straining of quartz, the bending, rupture and 
microfaulting of feldspar cleavage and twin planes and the 
fracturing and granulation of amphibole. ' Plmgioclase is 
often masked by the cloudy breakdown product referred to 
earlier. Garnet may be granulated and biotites converted 
to chlorite. Bamifying "veinlats” of finely granulated , 
material enclose less highly deformed mineral grains and 
metssediment or gneiss fragments.
In the breccias, ore grains are often present and have 
recrystallised during this late-Fg episode. Gquare-
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sectioned magnetite, a.lterin£; to haematite, is common, while 
in a 1mm.-thick veinlet in specimen D669, limonite (altered 
from magnetite?) is profuse, together with elinozoisite.
Calcite occupies previously existing cavities in 
certain fault-breccias, as well as coating joint surfaces 
in some exposures of Reliefjord Cchist. Calcite veins up 
to 10cm. thick penetrate some joints in this same schist. - 
Zeolite occurs as a thin film on joint surfaces while in 
the peamndtes quartz infilling of joints is not uncommon, 
as described earlier (p.106). lê;
' -J -
In summary, the late-F^ retrogressive motamorphic 
episode is characterised by the mineralogical and physical 
breakdown of higher grade metamorphic mineral assemblages.
/!
It clearly represents a lov/-temperature dynamic or disloca-^ 
tion metamorphism. y
Summary of Textural Relationships in the Metasedimontj^! / 
Examining the evidence of mineraloglcal and textural 
relationships of the metasediments, it has been demonstrated 
that crystallisation and recrystallisation phases of the 
metamorphism can be delimited based on their relations with 
tectonic episodes. Thus, phases of the protracted meta- 
morphic history are designated pre-, syn- and post-tectonic 
or more generally, static and tectonic. In this way wliil© 
bearing in mind the crystallisation histories of the various 
metamorphic minerals, five metamorphic phases have been
o
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described. It is not thought that any appreciable break 
occurred between any of the phases, since the phases are 
themselves partly overlapping end are essentially associatec 
with either the absence or advent of tectonic activity.
In this north-east part of S^r^y, it has not been 
possible to trace limits of metamorphic zones. Within the 
area mapped by the CTiter the several metamorphic minerals 
are fairly evenly distributed in the various lithologles. 
Ky^enitc and eillimanite are restricted to pelites and occur 
throughout the area. Their presence in a thin pelite bend 
within the massive psammite sequence would seem to indicate 
that original aluminous sediments have facilitated the 
growth of these minerals.
Within the Ctorelv Schist, kyanite is especially
abundant in the north-west, where it is thought to be re­
lated, in part, to the local intense Fg stretching and
shearing. Garnet is ubiquitous whatever the lithology. 
rre-f2 6&rnets occur profusely in the Reliefjord Schist as 
compared with the other metasediments but this is merely 
the conséquence of a lithology conducive to retaining an 
earlier fubric within the garnets. Garnets overgrowing 
the uj schistosity are better developed in amphibolito dykes 
(p.254) which would again indicate a preferential locus of 
growth. Throughout the area, quartzltes contain sporadic 
smell garnets, especially where the psammite is micaceous.
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The initial phase of regional metamorphism,associated 
with the folding is regarded as having been of low grade, 
v/ith the development of biotite. A fuller study of this 
metamorphic phase is limited by the near-complete eradication 
of fabrics by later metamorphism and tectonism. In the 
interval following the deformation episode, the metamor­
phic grade rose to a ma:>d.mum late in this static phase, 
v/ith the growth of sillimanite. Concomitant with this 
metamorphic peak, feldspathisation and granitisation of 
metasediments was effected.
Growth of sillimanite, kyanite and garnet continued, 
in certain instances, into the early stages of the main-F^ 
episode of folding. Borne further granitisation (and the 
emplacement of pegmatites and aplites) continued into tîiis 
early Fg tectonic period-
A waning of the metamorphism characterises the pnase
of mineral gxov/th which post-dates the schistosity.
The continuing retrofi’OBsion of the metamorpblsm culminates 
in the diaphthoretic features associated with the late-l'g ■ 
phase of brittle deformation.
II GICIÇSIC Aim mCRATITEG
A variety oi gnciseic and pegmatitic X’ocks .are present 
within the area. In the following account, pétrographie 
descriptions of mineralogy and textures are preceded by 
only brief notes on structural features and distribution.
As in the chapter on mctasediment textural relationships, 
thin-sections will not be described in detail. Specific 
reference (to minerals and textural relationships) will be 
made to selected thin-sections which illustrate the essentja 
and salient features of interest.
A. The Biotite-uQrnblonde Crgnitic Gneiss
This is the massive (garnet-) hornblende-biotite 
gneiss cropping out within the licllef jord be hist from • 
Lundhavn to Ctervikf jell and again along the iinf jordnaex^- 
ingen peninsula. Except in the linfjoz-d area, the tliick- 
ness of the sheet-like gneiss varies from 25m. - 35m.
South of Otervikfjell, on the eastern limb of the beliefjord 
Synform, the gneiss is divided by a sparsely feldspathised 
metasediment of varying thickB#ss (0-bm.). In the 1 in- 
fjordnaeringen area, 150m. cliffs of gneiss are present, 
but the true thickness of the gneiss is indeterminate 
because of a profusion of ^ 2 folds.
The gneiss is max*kedly foliated and exhibits feldspar 
augen up to 1.5cm., rarely 2cm., in length. Quartz,
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plagioclase and microcline together constitute over 75^ of 
the mineral content (Tables 4, 5 and 6). Biotite, with a 
modal percentage of ca. 15% is the chief mafic constituent. 
The mica flakes (001) cleavage has a preferred orientation 
parallel to the foliation or schistosity.
Hornblende rarely exceeds 8;^  of the mode and occurs as 
ragged prisms up to %im. It is often poekiloblastic con­
taining inclusions mainly of small quartz grains. The 
hornblende is pleochroic, -yellow-green, / -green and
-medium to dark green. The maximum extinction angle,
Z A C, shows a variation between 20° and 28°. This is 
apparently related to the progressive feldspathisation, and 
indicates a progressive change in the composition of the 
amphibole with advancing granitisation. The amphiboles 
do not show any distinct lineation.
Feldspar represents over JO^ of the mode with plagio­
clase prevailing over microdine. The plagioclase is
oligoclase-andesine, AUgy-An^g, The augen are generally 
feldspar grain aggregates, but the salient feature of the 
feldspars is their porphyroblastie habit. Microclines 
measuring 10mm. and plagioclase 6mm, have been observed in 
thin-section. Generally, biotite is deflected around the 
porphyroblas ts.
Gligoclase may show bent twin lamellae, Sericitisation 
features are often present, initially either in the cores
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TA3IE 5
MODAl; CCW08ITICNC. OF THE FBEDGPÀTE
D286 - A 3 Ç D i ; F
Ouart z 3 2 .8 23.9 28.1 29.5 24.1 39.5
Plagioclase 32.8 52.0 29.1 35.1 29.9 35.2
Hicroclin© 0.1 1 5 .6 16.7 17.8 25.4 20.7
Biotite 19.5 19.3 19.4 15.5 14,2 1.6
Hornblende 6.1 5.9 2.5 — 4.0 —
Diopside 5.0 —— — — — —
Garnet — — 1.5 - 0.8 0.3
Muscovite — - — - — 2.5
Sphene 0.6 1.5 1.7 1.1 1.1 —
ClinozoiBite 0.1 1.5 0.2 0.3 0.5 0.3
Apatite 0.2 0.5 0.5 0.5 0.3 —
Allan!te Tr. 0.1 Ir. — -
Bcapolite 2.5 — — ——
Ore 0.2 Tr. 0.4 0.2 0.1 Tr.
Zircon ' Tr. Tr. 0.1 0.1 ÏT. ——
Chlorite — Tr.
Zeolite — 0.2
Plagioclase
Composition ^ 5 6
An^g —
Hornblende
2AC 24° 24° 26°
— 28° —
D286A-E Granitisation series (A~Calc-silicate schist
(B-Coarse Hornblende- 
( biotite gneiss)
286i‘’ Pegmatite
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or along cleavage traces, while small grains of clinozoisite 
may be developed as breakdown products. Zoning is uncommon 
but mostly normal.
Microclines exhibit the cross-hatching effect of poly­
synthetic twinning. Carlsbad twins are often observed. 
Microperthite is Infrequently developed, occurring as fine 
filra-microperthite. However, in a few thin-sections in 
which granitisation is advanced, a later generation of per- 
thite is demonstrable. The albitic intergrowths in this 
later microcline perthite or microcline microperthite are 
sometimes sericitised. Textural relationships of the feld­
spars are described below.
Garnet occurs in the lower half of the gneiss as 
porphyroblasts. It is often skeletal and tensional frac­
tures normal to the foliation are common. Sphene and 
apatite are accessory minerals. Other minerals found in 
the gneisses include zircon, clinozoisite, epidote, magnetite 
haematite, allanite and chlorite. Allanite may be zoned 
and twinned; invariably it is found with a corona of sub- 
hedral epidote in the mafic mineral segregations.
The well-defined planar orientation of biotite and to 
a lesser extent hornblende is a conspicuous textural feature.
Felsic constituents are arranged in a lenticular manner 
between the often segregatory mafic minerals. The inequl- 
granular nature of the gneiss is a reflection of its origin, 
since progressive porphyroblastesis can be demonstrated in
Plate 135* lîyriaekxte - plagioclase with quartz
vertnicuiee - partly enclosed by microcline* 
Biotite-homblende granitic gneiss*
Crossed polarised li^t x 35*
m
Plate 154» i^ crocline (cross-hatched)
kitic plagioclase* Ho te rim (albitic) to 
plagioclase near centre* Biotite-hornblende 
granitic gneiss. Crossed polarised light x 35*
lacing myrme- 
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series of specimens ranging from ungranitised hornblende 
schist to the typical granitic gneiss (modal analyses of 
such rocks are presented in Tables h and 5). well as an
increasing abundance and size of porphyroblastie feldspars, 
the general groundmass fabric also exhibits an increase of 
grain size. A virtually complete recrystallisation of the 
rock has been effected.
The quartzo-feldspathic groundmass is itself inequi- 
granular. Grain boundaries are generally only slightly 
interlocking, except for microclines which are effectively 
incipient porphyroblasts and which show irregular margins. 
Quartz grain boundaries vary from straight to Irregular or 
diffuse; suturing is uncommon. uartzes are invariably 
strained, displaying undulose extinction.
Symplectitic intergrowth of vermicular quartz in 
host plagioclase feldspar produces a common myrmekite 
texture. This is normally seen in association with micro­
cline (Plate 133). The intergrowth is seen at all stages 
from plagioclases which contain a solitary quartz vermicule 
to those which are wholly riddled with filaments of quartz. 
The more advanced myrmekitic texture is normally observed 
in microcline-rich areas, particularly in and around por- 
phyroblasts of microcline. Myrmekitic plagioclases may 
then occur as lobate patches projecting into the potash 
feldspar, clearly being absorbed or replaced by the growing 
microcline (or perthite). Relict groundmass plagioclase is
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TABLE 6
MODAL COMPOSITIONS OF FELDSPATHISATION 
SErilES
LR.24 LR.26 4R ,87 4R,88 I,R,89
Quartz 23.08 28.31 31.54 27.06 31.66 32.87 23.2
Plagioclase 3?. 55 37.10 30.54 32.63 33.56 31.03 30.2
Microcline 1 .7 3 5.36 21 .84 1 .4 4 10.34 15.23 21.7
Biotite 22.76 15.25 10.73 18.92 18.80 16.71 14 .3
Hornblende 11.76 9.08 3.76 13.92 3.42 2,88 8 .6
Diopside — — 4.72
Garnet 0.86 0.28 0.13 0.06 0 .9
Sphene 3.40 2.21 1.03 0.65 1.66 1 .1 4 0 .7
Apatite o.4o 0.36 0.11 0.13 0.26 0.11 0 .2
Clinozoisite 0 .9 9 0.39 0.27 0.03 0 .0 2
Ore 0.19 0 .1 4 O.Oh 0.28 0.22 0.05
Chlorite 0.26 0.01
Allanite Tr. 0 .2
Scapolite 0.23
Plagioclase
Composition ^ 3 9 ^27 Anzi ^ 3 9 ^34 An3o ^26
Hornblende
y. yv n 20.5° 23° 20° 20° 24° 22° 26°
LR.Z4-LR.26 Feldspathisation series; LR.87-LH.89 Feld- 
spathisation series; D.97 Massive hornblende-biotite 
granitic gneiss.
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often present within the microcline porphyroblasts*
in interesting feature of some myrmekite lobes is the 
development of a rim of more sodic plagioclase (Plates 134 
and 135)* This is within the oligoclase grain. The rim 
rarely exceeds 2 0 thickness and may be discontinuous around 
any one plagioclase grain. Where Becke lines are observed, 
the rim always has a lower R.I. than the parent oligoclase. 
The composition of the rim is probably sodic oligoclase or 
oligoclase-albite. On passing from the normal oligoclase 
into the sodic rim, albite twin lamellae positions become 
reversed - a twin lamella, clear in the calc-oligoclase, is 
extinguished in the rim feldspar. The sodic rim is also 
occasionally found in dligoclase porphyroblasts adjacent to 
later potash feldspar.
As the granitisation series, D.286A to D.286E is traced 
along the strike, it is noted that, initially, plagioclase 
porphyroblasts are developed far in excess of K-feldspar 
porphyroblasts. Compositionally, the plagioclase is ande-
sine, ^^^8-39» becoming progressively more sodic with in­
creasing porphyroblastesis and granitisation, until oligoclæs 
^ 27-28 attained. This change of plagioclase composition 
is in agreement with the increase of i^ b. content with 
granitisation noted by Engel and Engel (1958) in the 
Adirondack Mountains of New York State, Moreover, a pro­
portionate increase of Na^O with granitisation is noted in 
the chemical anlyses of the series L.285A-F from above
1Plate 155» Plagioclase with rim of lower refractive 
index surrounded by microcline. Biotite- 
hornblende granitic gneiss. Crossed 
polarised li^t x JO.
A
Plate 136. Microcline replacing and containing frag­
ments of plagioclase. Biotite-hornblende 
granitic gneiss. Crossed polarised light x 25,
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Langstrand (Table 4).
The plagioclase porphyroblasts are developed at the 
expense of the pre-existing quartzo-feldspathic raozaic. 
Microcline is absent in the normal calc-siliceous schists 
and is essentially a product of the granitisation. The K- 
feldspar has invariably developed later than the porphyro­
blas tic plagioclase, and many examples of microcline or micro 
-Cline microperthite replacing and digesting plagioclase can 
be seen (Plate I36). Often the plagioclase is myrmekitic 
and sporadic examples have been found where the growing K- 
feldspar has replaced a plagioclase grain leaving the quartz 
vermicules as relics of the myrmekitic texture in the micro­
cline porphyroblast* Groundmass quartz and small biotites 
and hornblende may also be retained as inclusions.
Apart from the distinct porphyroblasts of K-feldspar, 
microcline also occurs less prominently as amoeboidal growths 
in the coarsely grained gneissic groundmass fabric. It 
often appears to ivrap around grains of quartz and plagioclase 
and, a t  times, to enclose them.
Microcline frequently appears in segregations along 
with quartz. Grain boundaries between microclines are 
usually slightly interlocking, seldom sutured. Quartz is 
always strained, exhibiting undulose extinction. This 
irregular extinction is usually continuous within any one 
grain, but examples are seen wherein the quartzes show dis-
Plate 137. Partially felds- 
pathlzed Beliefjord 
Schist. Berth of 
Beliefjord.
mm
Plate 1J8. Biotite-hornblenie granitic gneiss with 
laminae of metasediment. S.W. Lundhavn*
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continuous extinction* This latter occurs where the quartz 
grain is essentially divided into sectors or sub-grains, each 
of which displays its own (undulose) extinction. No true
fractures can be detected between the sub-grains. ,uartz
enclosed by K-feldspar commonly develops a sub-rounded shape 
and the margins tend to be rather diffuse.
Microperthite represents a slightly later generation of 
potassic feldspar in which albite is intergrown with micro­
cline as irregular threads or films. Myrmekite is again 
common surrounding the perthitic porphyroblasts and aggre­
gates. The plagioclase vdiich projects into the porphyro­
blasts often has thin sodic rims which are possibly of similar 
composition to the albitic intergrowths of the microperthite.
From the various evidence of field occurrence, field 
relationships and textural studies, a replacive origin for 
the biotite-hornblende granitic gneiss is postulated. The 
chief criteria favouring such a genesis are namely;
(a) Progressive feldspathisation and porphyroblastesis 
as seen in the field (Plates 137 and I38).
(b) Increase of grain size in transitions from schist 
to gneiss, sometimes along the strike.
(c) Stringers and bands of metasediment are undis­
turbed within the gneiss and show various stages 
of recrystallisation and feldspathisation.
(d) Perfect conformity of the gneiss to the banding 
in the metasediments.
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(e) Considerable variation of grain size of a mineral 
species.
(f) Compositional variation of plagioclase with the 
increasing granitisation.
(g) Variations in the mineralogical content (modes).
(h) Notable increase of potash feldspar with transition 
from schist to gneiss and with increasing coarse­
ness of general grain size.
The formation of the gneiss was clearly initiated prior 
to the main siovoments, but it is probable that part of 
the K-feldspar growth continued during the deformation. The 
foliation and planar arrarigement of biotites is an 
structure and the recrystallised biotites are occasionally 
Included by the larger microclines and microperthite. It 
is considered that the granitisation was closely associated 
with the highest grade of regional metamorphism. The meta- 
somatic processes are clearly related to the period immediate 
-ly preceding the Fg deformation and overlap into the de­
formation episode.
The chemically analysed granitisation series, L.285A to 
L.285F, is taken from the gneissic horizon above Langstrand 
which is not absolutely identical to the massive gneiss of 
the eastern area. It was not realised until after the 
analyses had been started that the series showed considerable 
retrogressive metamorphic effects; the biotites have been
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extensively chloritised. Despite the diaphthoresis and 
although, in this ease, the specimens were collected across 
the strike, certain features of Interest can be deduced from 
the modal and chemical analyses (Table 4).
Specimen L.285E represents the most typical gneiss. 
Significant general increases in silica and soda are noted, 
whilst alumina, magnesia and lime show decreases with grani­
tisation. Potash varies irregularly but shows an overall 
increase, agreeing with the modal increase of microcline. à 
possible relationship is that of MgO with chlorite; 
magnesia decreases proportionately to the decrease of modal 
chlorite. Of the trace elements decreases of Ni, Or and V 
are notable while Zr shows a marked rise towards the granitic 
gneiss.
The series D286A-E, LR.24-26 and LR.87-89 are better 
indicators of the feldspathisation and granitisation. A 
triangular variation diagram of these series (Fig. 31) 
depicts significant trends towards the "normal" granite field 
the coarse gneiss D286E lying on the margin of this field. 
Specimen D.97, typical of the coarse garnetiferous gneiss 
also lies on the granite field margin, close to D286E. The 
series L285A-F does not conform to this clear pattern al­
though a statistical trend indicates movement towards the 
"normal" granite. Both this series and the double series 
LR.24-26 and LR.87^89 suggest that granitisation was less 
advanced than in D286A-E. This is substantiated by field 
evidence.
QUARTZ
D 286 A-E
LR 87- 89
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D 97
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B. Granite Gneiss
Granite gneiss occurs as concordant partings and irregular 
lenticular bodies within the Klubben Quartzite Group, mostly on 
oaksf jell and Skarvf jordfjell* It is a cc^se-grained, quartzo## 
feldspathic gneiss in which discoidal segregations of quartz 
may be present, accentuating the foliation* uartz, plagioclase 
and microcline together constitite over 85% of the mode (Table 7)5 
muscovite is the only other essential mineral* Biotite is 
often absent*
Gradational boundaries are typical of the gneiss* Often a 
preferential feldspathisation of politic members of the metasedi- 
raentary sequence can be observed and quartzitic ribs are preserved 
and are not uncommon within the gneiss* Accessory minerals 
include garnet, apatite, zircon and magnetite* Rarely chlorite, 
clinozoisite and tourmaline are present*
Plagioclase is normally the dominant feldspar although some 
gneisses are found in which microcline constitutes half the mode* 
The plagioclase is oligoclase, composition ranging from An^^-An^i^ 
(U-stage determinations) in the several variants of gneiss 
examined* In many thin-sections, the plagioclase exhibits a 
slight and irregular cloudiness and sericite may be developed* 
Sericite is usually minutely crystallineî occasionally it shows 
a preferred orientation along a cleavage or cleavages within the 
plagioclase* In some instances, it may exhibit preferential 
growth along certain twin lamellae* Larger plagioclases may
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contain larger serlcitic mica flakes.
Where plagioclase is in contact with potash feldspar, it 
often displays a sodic rim, as in the previously described 
biotite-hornblende gneiss, Myrmekite irregularly developed 
within the plagioclase, always adjacent to microcline. Re­
crystallisation of plagioclase was clearly effected prior to 
the Fg deformation, as evidenced by bent twin lamellae and 
sporadic examples of fractured grains,
Microcline generally forms xenoblastic grains of variable 
size ranging from isolated grains in relict quartzite ribs to 
porphyroblasts sometimes containing partially digested plagio­
clase, Porphyroblasts (up to 3mm.) are uncommon, the usual 
microcline grain size in the order of 1mm,; this is particularly 
so in microcline segregations.
^uartz occurs interstitially, but most notably in lenticular 
segregations where the anhedral grains may exceed Jmm, It is 
always strained sometimes severely to the extent of producing an 
anomalous biaxial positive interference figure (Specimen L.38), 
Undulose extinction is characteristic of the quartz, which is 
often divided into innumerable sub-grains as referred to earlier 
(p*I9if). No fractured sub-grain boundaries are visible suggest­
ing the presence either of annealed boundaries or a stage of 
lattice dislocation prior to actual fracture.
Elongate zones of undulose extinction are sometimes present 
within the large quartz grains and in two gneiss specimens
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Boehm deformation lamellae are discernible* These fine, close­
ly spaced lamellae are usually normal to the main undulose zoning 
direction and are either straight or slightly arcuate* They 
are generally attributed to translation gliding (Fairbairn,
195^). Marginal granulation of quartz or quartz lenticles is 
only rarely observed. Suturing of quartz grains boundaries is 
uncommon, there being a large variation in boundary shape* 
Microcline microperthite is uncommonly developed in the 
granite gneiss* It occurs most notably in specimen L.38, 
which displays the most intense quartz deformation. In this 
thin-section, less than 20$ of microclines are microperthitic 
although it is quite possible that microscopically unresolvable 
cryptoperthite is present. Microperthite is also present in 
a granite gneiss from the intensely sheared Skarvfjord area 
(Specimen SKR.4). The association of microperthite with the 
maximum observed quartz deformation is interesting. Although 
not marked here, it accords with Chayee (1952) observations and 
suppositions that shearing stress promotes the exsolution of 
albite from the host potash feldspar into optically resolvable 
microperthite* However, the evidence provided by the S/6r/5y 
granite gneiss microperthites is too exiguous to supply suffidat 
proof of this hypothesis*
The general inequigranular texture is accentuated where 
quartz is large and in lenticular segregations* Feldspars, 
particularly microcline, frequently appear in segregations which
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are roughly lenticular in outline, paralleling the foliation. 
Microclines, where segregatory, develop a granoblastic mozaic 
with straight grain boundaries showing good triple junctions 
(often subtending angles of 120^). Elsewhere microcline 
boundaries are irregular, as are those of oligoclase and quartz 
grains. Suturing of grain boundaries is rarely extensively 
developed in these gneisses.
The planar orientation of muscovite (less commonly biotite) 
defines the foliation, as does the elongation of quartz and 
feldspar aggregates. Muscovite is either isolate or lepido- 
blastic. Occasionally it develops a vermicular form, essen­
tially a symplectite in which quartz is the guest mineral. 
Muscovite flakes may be partially or wholly affected in this 
way but in any one section vermicular muscovite is subordinate 
to clear muscovites. The quartz intergrowth is often initiated 
along cleavages in the mica so that a semi-trellised pattern may 
be developed. Either the whole or a part of the intergrown 
quartz is optically continuous and often the continuity extends 
into quartz grains adjacent to the mica.
Garnet, where present, is rather skeletal. It has been 
severely deformed and often comminuted by the tectonism into 
long trains of garnet grains and granules in the plane of the 
foliation. Its crystallisation, initiated prior to the onset 
of feldspathisation, probably continued into the granitisation 
period.
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Both field and pétrographie evidence lend substantial suppcdj 
to the view that the granite gneiss has originated by a process 
of granitisation of the metasediments (Plates 1Ç[ and 18). On 
a megascopic scale various transitions from psammite (with 
pelite bands) to granite gneiss are observed, with a notable 
preferential granitisation of the less quartzose horizons. 
Quartzitic bands are often present within the granite gneiss.
The gneiss is irregular in extent but never discordant to the 
banding. Sharp contacts are seldom present.
In thin-section progressive granitisation features and 
textures are demonstrable. Quartzite ribs, devoid of any 
appreciable feldspathisation, indicate their relative resistance 
to the process of metasomatic diffusion. The granitisation 
of the metasediments occurred immediately prior to the onset of 
the deformation. This is synchronous with the main region­
al metamorphism moreso the higher grades of metamorphism. 
Microcline growth post-dates that of plagioclases quartz 
recrystallisation is late, possibly partly syntectonic. Field
evidence of an essentially pre-F^ age for the gneiss is abundant. 
Several examples of folded granite gneiss have been referred to 
in the structural chapter*
C. Pegmatites and APlites
Both coarse-grained pegmatites and the related finer and 
more evenly grained aplites occur throughout the area, although 
they are never extensively developed* The most conspicuous
r :
Plate 139* Tourmaline pegmatite with narrow aplite 
margin; Belief jord Schist he low. 200 m* 
B*E. of Belief jord.
Plate 140. Bon-dilational pegmatites in Beliefjord 
Sdiist. 8.E. Finf jord.
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pegmatitic body is that capping the ridge-top above Veiviken. 
Aplites tend to be restricted to the psammitic lithologies where 
they occur chiefly as thin dykes, veins and veinlets# In some 
pegmatitic bodies the border zones are aplitic. Field evidence 
shows that aplites and pegmatites originated both before and 
during the deformation episode.
1. Pegmatites
The S/Sr/Jy pegmatites are extremely coarse-grained quartz- 
feldspar rocks usually containing muscovite. Accessory 
minerals, of variable occurrence, include biotite, tourmaline, 
apatite, garnet and zircon. Magnetite, beryl and chlorite are 
rarely observed. In some pegmatites, tourmaline is common, 
occurring as prismatic crystals up to 3cm. in length. Tour- 
maline-rich segregations may be present. In the marginal zone 
of a pegmatite near Reliefjord, tourmaline is abundant, the 
largest crystals tending to be oriented normal to the sharp, 
concordant margin (Plate 139)o
The pegmatites, though observed in all lithologies are 
thinly and erratically distributed but occur mostly in the 
northern half of the area. Within the Reliefjord Schist, pods 
and tectonic inclusions of pegmatite are quite numerous, size 
varying from centimetre lenses to the Veiviken pegmatite which 
has an outcrop length of nearly 800m. Pegmatite bodies are 
noticeably developed locally along the outcrop of the Lower 
Limestone of the Falkenes Limestone Group. In parts of the
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otorelv Schist, pegmatites are manifested as small lenticular 
segregations and streaks of quartz, feldspar and tourmaline.
Normally the pegmatites are concordant with the banding, 
though occurring as pinch-and-swell structures, boudins and 
tectonic inclusions. Those associated with the Lower Lime­
stone sometimes have a sheet-like form and may be cross-cutting, 
but it can be seen that this is mainly a tectonic effect. The 
sporadic occurrence of pegmatites along minor slides (see Plate 
81) and axial planes has already been noted.
Thin pegmatite dykes of a totally discordant nature are 
sometimes observed. These may change from concordancy to dis­
cordancy within one exposure (Plate IkO) and are noted to be 
non-dilational - the metasediment banding is not offset by the 
emplacement of the pegmatite dyke. This implies volume-by- 
volume replacement, as opposed to forceable intrusion, as the 
mechanism responsible for the pegmatite emplacement (King, 19^)•
The Veiviken pegmatite body contains many lenses and 
"rafts" of metasediment, some of which show markedly gradational 
boundaries. Similarly, outside the main pegmatite mass, 
pegmatitic lenticles occur in the metasediment. The schist 
lenses within the pegmatite are never visibly disturbed or ro­
tated. Quite often, marginal basification features are clearly 
demonstrable and in some instances a narrow, garnet-rich zone 
is present at the junction. In the extreme north of Finfjord- 
naeringen, a pegmatite encloses sheets and lenticles of a
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Plate 141. Pegmatization 
of Belief jord 
Schist. Ilorth 
Finfjordfjell.
%
Plate 142* Feldspar In pegmatite. East Saksfjord coast.
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schistose amphibolite dyke; large garnets are present in this 
pegmatite.
In pegmatites at Saksfjord, the marginal zones are in­
variably characterised by an abundance of streaks, aggregates 
and lenticles of biotite. This is also seen on a lesser 
scale in other pegmatites. On Finfjordfjell, pegmatization 
features are well developed in the Reliefjord Schist (Plate 1^ 1).
Coarseness of grain in the pegmatites varies appreciably.
On the Saksfjord east shore, one feldspar measured 47cm.
(Plate 142). This crystal contains slivers of quartz along 
two cleavage directions. Occasionally, runic textured peg­
matites are observed (Fig. 3^)5 this has the appearance of a 
close intergrowth of feldspar and quartz, the latter showing 
shapes controlled by three cleavage directions in the host 
feldspar.
Petrography and Textures
The pegmatites are composed essentially of quartz, oligo­
clase and muscovite with lesser and variable amounts of micro­
cline and microcline microperthite. In all the pegmatites 
examined, evidence of cataclasis is present In all minerals. 
Petrographical studies thus confirm the field evidence that all 
pegmatites, whether pre- or syn-Fg, have been deformed during 
the protracted tectonism. Textural and mineral relationships 
show a great variability from specimen to specimen. Grain 
boundaries for example, rarely straight, vary in irregularities
205.
and curvature and ultimately may be complexly sutured.
Plagioclase is oligoclase of composition range An^i^-AUgQ. 
Twinning on the albite law is ubiquitous; peri dine twinning 
is sometimes present. Incipient sericitisation of plagioclases 
is common, usually appearing in the cores of the grains.
Sericite flakes may be irregularly disposed but are often 
aligned following cleavage directions or twin lamellae. Some 
cleavages are infilled with a fine film of sericitic mica.
It is fairly clear that plagioclase crystallisation post-dates 
that of muscovite and muscovite may be seen as relict frag­
mentary flaires within larger plagioclase. These fragments of 
mica exhibit optical continuity (uniform extinction) denoting 
that they are parts of an original larger grain. In some 
cases, quartz grains enclosed by plagioclase show similar 
features but generally the quartz-plagioclase relationship is 
a more complex one than that of muscovite-plagioclase. Mus­
covite occasionally exhibits a vermicular texture, essentially 
quartz in a symplectitic intergrowth. The quartz initially 
invades cleavages in the mica.
The microcline-plagioclase relationship is sometimes com­
plex, but K-feldspar normally can be seen replacing the oligo­
clase. Replacement features are varied. Myrmekite texture 
is often present along plagioclase-microcline boundaries, the 
quartz-riddled plagioclase showing various stages of envelopment 
by the grov/ing microcline. A rim of lower R.I. albitic plagio-
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clase is frequently developed in plagioclases which border upon 
potash feldspars. This rim is most commonly developed in 
myrmekite-textured plagioclase. It is exceedingly rare where 
plagioclase is in contact with quartz.
Microcline contains all other minerals as inclusions, but 
is never markedly poekiloblastic. In specimen 3KR.32, some 
microclines are strongly poekiloblastic, with many of the 
blebs and elongate inclusions of quartz (and plagioclase) 
showing optical continuity. Such microcline porphyroblasts 
may be up to 1 cm. across. Microcline-plagioclase and micro- 
cline-quartz grain boundaries are sometimes strongly sutured. 
Such features make the interpretation of relative ages of the 
minerals more difficult.
Microcline microperthite is present in a few pegmatites 
but it is not possible to detect any significant regional 
distribution pattern for the perthitic intergrowth. The 
microperthite occurs as minute films or threads in cross- 
hatched microcline. Rarely, patch-perthite is observed.
Deformation features are common throughout the pegmatites. 
Such features include strained quartzes, fractured and bent 
plagioclase twin lamellae, the development of microscopic shear 
planes and flexed micas. Quartz is always strained showing 
undulose extinction sometimes with Boehm lamellae vaguely 
discernible. Quartz-quartz boundaries may be granulated, the 
granulation usually variably developed along any one junction.
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Two main generations of quartz can be distinguished in the 
pegmatites particularly the metasomatic pegmatites situated 
within the gneisses. The larger, sometimes interstitial 
quartzes are clearly related to the formation of the pegmatite, 
whereas small groundmass grains are those derived from the 
gneisses or metasediment. The granulated quartz (e.g. in 
mortar structure) represents a third textural variety of quartz. 
The guest quartz in myrmekite and mica symplectites although 
possessing an unusual form is essentially of the same age as 
the larger pegmatitic quartz.
Micas are often strongly deformed, producing wavy and 
undulose extinction. Lattice deformation within muscovites 
is represented by twin and translation gliding. Fractured 
tourmalines are also common.
Many siiarp concordant contacts of pegmatite bodies and 
lenses have a tectonic origin. In other cases, where dykes 
are cross-cutting the metasediment banding, contacts may be 
irregular or shapp. On microscopic examination, however, 
these sharp macro-contacts are often indistinct and individual 
crystals appear to be shared by both the pegmatite and the host 
rock. In some cases garnets, profuse in a metasediment, are 
included in the border zone of a discordant pegmatite. Garnet 
often shows a preferential growth along certain pelitic bands 
in the metasediment. This banding is frequently preserved as 
a relict structure in the pegmatite by strings of degraded 
garnets.
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Summary
The pegmatites are regarded as replacement bodies 
produced as the result of alkali metasomation during metamor­
phism. The criteria favouring a replacive origin may be 
summarised as follows:
(a) The development of "seed" lenticles of pegmatite, 
particularly in schists, with further pegmatization giving 
concordant streaks and bands.
(b) The non-dilational nature of cross-cutting pegmatite 
dykes.
(c) Inclusions of undisrupted metasediment rafts within 
pegmatite bodies.
(d) Relict banding (e.g. traced by garnets) and schist- 
osity (biotites) preserved within the margins of some pegmatites,
(o) Diffuse local pegmatisation of granite gneiss and 
biotite-hornblende granitic gneiss.
(f) Marginal basification features in the host rock ad­
jacent to pegmatitic bodies.
(g) Microscopic evidence of diffuse, uneven contacts and 
progressive feldspathisation.
(h) Where sharp contacts occur, these are structurally 
determined.
It is fairly certain that with the development of the 
pegmatites an alkali metasomatism has operated, possibly in two 
waves th potash slightly later than soda. This is identical
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to the features recognised in the granitisation processes 
leading to the formation of the gneisses described earlier#
In the case of the pegmatites, however, field evidence 
of age relationships indicates quite clearly that they were 
emplaced both prior to and during the F2 deformation period. 
Those emplaced along Fg axial planes and along associated 
shears and slides are nevertheless deformed and exhibit 
many cataclastic textural features. They may also be drawn 
out into separated boudins. This is seemingly good evidence 
to support the supposition that the F2 deformation was pro­
tracted, consisting essentially of a series pf pulses. The 
phase of F2 deformation responsible for boudinage of the axial 
planar pegmatites clearly post-dates the actual initial folding. 
This is simply a matter of precedence. But as Bamberg (1956) 
points out, it is also possible that some pinch-and-swell 
structures have developed contemporaneously id.th the growth of 
the pegmatite; these are his "concretion pegmatites".
The development of replacement bodies infers a diffusional 
transfer of the elements constituting the felsic materials.
Low pressure regions - such as shear zones, slides, boudin 
nodes - would tend to attract the diffusing particles whether 
the diffusion is in a liquid or solid state. Both diffusive 
processes are thought to have been operative in the general 
granitisation and pegmatisation of the metasediments.
2. Aulitas
Aplites are closely related to pegmatites in composition
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but are distinctive texturally. They are usually buff- 
coloured and possess a fine- and even-grained, almost 
saccharoidal texture. Rarely, the margins of pegmatites 
may be aplitic; conversely aplite veins may contain 
pockets of coarser grained pegmatitic material. Aplites 
are commonly found as veins oi' thin dykes and sills. Age 
relationships are identical to those described for the 
pegmatites; folded aplites denote a pre-Fg age while other 
later aplitic veins occur along ^2 axial planes.
Feldspar is the dominant constituent mineral.
This may be either plagioclase (oligoclase) or microcline.
In some aplites one feldspar may be present to the near 
exclusion of the other. Quartz may occur in only minor 
amounts although in -some sections it is present as segrega­
tory lenses. : Accessory minerals include muscovite, tour­
maline, apatite, garnet, zircon,biotite and magnetite. 
Chlorite, clinozoisite and solicite are secondary minerals.
Tthe e qui granular texture of the aplites is prominent 
and porphyroblasts are uncommon. The normal feldspar grair 
size is  ^ 1mm. The plagioclase is a sodic oligoclase 
(ca. and is variably soxicitised. In some
aplites sericite is fairly common with clinozoisite devel­
oped in the cores of plagioclase grains. Some plegioclasec 
are characterised by a grey-brown cloudy alteration product.
Myrmekite may be developed where plagioclase grains
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border upon microcline or microcline microperthite, but 
this texture is not so abundant as in the pegmatites. It 
is clear that potash feldspar has grown later than plagio- 
close. Many examples of microcline enclosing partially 
digested plagioclase grains can be found. Both feldspars 
sometimes contain inclusions of the finer grained metasedi- 
nient fabric, moreso near the borders of aplites* this
indicates a replacive origin for the aplites.
Muscovite is replaced by both plagioclase and micro­
cline . Isolated or connected fragmented flakes show 
optical continuity denoting their being remuants of an 
oxiginally larger grain. borne muscovite has grown in part 
from biotite. Biotites where present are now wholly or 
partly chloritised. Vermicular intergrowths of quartz 
into muscovite flakes are sometimes observed.
Albitic rims to plagioclases adjacent to potash. 
feldspars are often present. bericitisation has rarely . 
affected these lower refractive index rims. Quartz is 
invariably strained showing undulatory extinction. It 
occurs as late segregatory lenticles in some aplites enclos­
ing grains of microcline and plagioclase. In some aplites 
quartz is a minor constituent. Usually, however, quartz 
is present as anhedral grains, the grain boundaries varying 
in iiregularity but rarely markedly sutured.
Tourmaline is a schorlite variety exhibiting the
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pledchroic scheme: e , pale yellow-green, co , olive
green. Zoning is notable. In one specimen of tourmaline 
aplite (D.558), a narrow 1mm. zone adjacent to the irregular 
aplite margin contains abundant small end-sectioned tour­
malines. Gax'nots, relics from the metasediment, also 
occur in the aplites.
leldepax* grain boundaries vary from straight to intex*- 
locking. In aplites composed dominantly of one feldspar 
grain boundaries are notably straight with the fabric 
reasonably polygonal. Triple junctions subtend angles 
of ca. 120 .^ Where both feldspars are present together 
with a fair proportion of quartz, grain boundaries tend to 
interlock irregularly though suturing is never prominent.
Within the psammites, aplitisation features are common 
and all gradations from mildly feldspathised metasediment 
to typical aplite can be demonstrated. This is noticeable 
on a microscopic scale also. The dykes or veins of aplite 
are observed to be of a non-dilational nature (Plates 1^5 
and 144), there being no offsetting of the metasedimentary 
banding. Thus, both the pre-?^ ^ d  syn-lg aplites have 
developed by a volume-by-volume replacement mechanism 
similar to that described for the pegmatites. Syn-F^ 
aplites commonly occur as veins or dykes along or sub­
parallel to the axial planes of F2 ^olds (Plate 14$).
They may or may not oe boudined, but usually exhibit an
%a
Plate 145. Non-dilational aplite dykes parallel to axial 
planes of minor P^ folds in psamnite* The 
banding can sometmes be traced throng the 
aplites. 8.Ë. of Hf^ nsebynes.
i
Plate 144# Aplites in psasmite. North E)6iseby.
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irregularity of thickness. Boundaries vary from sharp to 
diffuse and irregular v/ithin any one aplite vein. Micro­
scopic studies show the aplites to be x*eplacive, since 
margins are usually irregular and the partially digested 
metasGdiment fabric is often present in the border zone.
The criteria in favour of a replacement origin are indeed 
almost identical to those listed for pegmatization.
The- pre'-l2 aplites ax‘e sometimes severely deformed by 
the ^2 structui'es with the development of boudins ,mullions 
and sheared lenses. * Aplitisation, like pegmatization, is 
thought to have been a continuous process, initiated 
immediately prior to the onset of the tectonism and 
continuing into the deformation episode.
3 . Greisen
The occurrence of greisen associated with the pegma­
tites is extremely localised. It is present within and 
marginal to the pegmatite following the outcrop of the 
Lower Limestone, but then only as diffuse areas or vein- 
lets. Greisen consists solely of quartz and books of 
white mica. A transition into pegmatites is traceable.
D. Miprocline-Garnet Lenticles
On Saksfjell, just to the north of Okarvfjord, several 
lenticular bodies of garnetiferous microcline schist are 
mappable. These may be up to 80m. in length. The 
boundaries of these bodies are normally of a transitional
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nature but they are clearly distinguishable from the 
surrounding quartsite by their reddish weathering. Apart 
from these lenticular K-feldspar masses, two examples of 
sill-like garnet-feldspar schists are recorded,these con­
taining garnet porphyroblasts and aggregates of quartz and 
microcline. In the red microcline-rish bodies, segregatbns 
of biotite may be present.
The general groundmass mozaic of this rock-type is 
granoblastic with the equaxit grains only slightly inter­
locking. A schistosity is prominantly displayed by the 
scattered biotite and muscovite, this planar arrangement 
being accentuated by segregatory microcline, with or with­
out recrystallised quartz, and the tendency for poekilo-» 
blastic garnets to show a flattening in tills plane.
There are. clearly two generations of potash feldspar 
present. The microcline of.the groundmass averages some 
0 .3-0 .8mm. whereas that of the lensoid segregations 
occasionally measux'os 2mm. across. The larger recrystell- 
ieed K-feldspar may also exhibit traces of microperthite. 
gporadic inclusions of quarts, plagioclase and micas are 
sometimes present in the late microclines, but micas are 
uncommon in these microcline-rich pods.
Garnets rarely exceed 2im. diametei". They are usually 
poekiloblastic containing small inclusions of quarts, micro 
-dine and plagioclase. It is notable that this inclusion
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fabric is of appreciably smaller grain size than the genera] 
gx'oundmass fabric# Moreover, the outer zone of the garneti 
way be broken down and replaced by later quartz, irdcrocline 
and green Fe-rich biotite. The inference of the finer 
inclusion fabric is that it represents the approximate 
grain size,of the metasediment at the time of garnet cry­
stallisation. This is possibly a modified - the 
schistosity resulting fx‘om the lower grade metamorphisin 
coeval with the deformation - so that a third generation 
(the earliest) of K-feldspar could be inferred.
Muscovite is invariably observed in a finely verraiculax 
state and readily replaces biotite* It is itself replaced 
by both plagioclase and micx'ocline, the former sometimes 
pseudomorphing the mica flake while retaining optically 
continuous fragments of muscovite. 15Lagioclaee is oligo­
clase, ca. ÂB2Q~iUÎ22i ia subordinate to microcline. 
Myrmekite is sometimes weakly developed. The accessory 
minerals are apatite, clinozoisite and a pax‘tially raetamict 
ellanite: allanite may have a corona of clinMoisite and
may show simple twinning. Quartz always e:diibits undul­
atory extinction, indicative of post-cx'ystalline deformation.
The vaxdous field and pétrographie evidence clearly 
points to a metasomatic origin.for this lithology. The 
localisation of microcline enrichment of the psammites is 
perhaps related to an original local pieponderance of K-
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feldspar also; many horizons v/ithin the quartzites are 
arkosic as noted earlier (p. 15 ), and the finer grained 
inclusion fabric of the garnets contains significant 
amounts of microcline.
The îîilcrocline-rich 0.3-lm. thick sills on the bake- 
f jell plateau have a similar rrâneralogy to that of the 
feldspathised metasedimentary lenses, but variations of 
mineral abundance provide important clues v/ith regard to 
the origin of this lithology. Garnets are profuse and 
range up to 1cm. diameter.
In thin-section garnets are seen to be markedly poek­
iloblastic and xenoblastic because of marginal breakdown 
end replacement. The inclusion fabric is of considerably 
finer grain than that of the schist groundmass. This is 
substantitated by inclusions of grain aggregates (of 
quartz and plagioclase) within the garnets, the grain y
boundaries of which are clearly seen. lerhaps the most 
significant feature of the garnet inclusion content is the 
total absence of microcline. bpheae is present in small 
amounts*
The margins of garnet porphyroblasts are usually raged 
on account of the breakdown and replacement by quartz, 
microcline and a green biotite. The coarse groundmass 
fabric is clearly penetrating the garnets.
riicrocline-quartz lenticles develop as an ultimate
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stage in the feldspathisation process* These may occur 
as pressure shadows around garnet although in these cases, 
quartz predominates* The quartz is always appreciably 
stx^ainod* Mlcx'oclines in the segi*egations may be up to 
2mm. across (quartz 3mm.); * grain boundaries are only 
slightly interlocking. In the groundmass schist, grain 
size averages 0.5-0.7mm., while the interlocking of grain 
boundaries is more noticeable.
A gradational microcline enrichment of the gax^neti- 
ferous sills is demonstrable. In the ultimate product 
of metasomatism, plagioclase and microcline are present in 
more or less equal amounts in the groundmass. This is 
quite different from the feldspathised lenticles of meta- 
sediment. Clinozoisite and vestigial hornblende are 
commonly observed in the feldspathised sills.
In summary, it can be demonstrated both in the field 
and under the micx^oscope that these lithologies are the 
result of a local potash feldspathisation. The majority 
of the exposux'es indicate a 'feldspathlc psammite to have 
been the lithology prior to feldspathisation, but examples 
of microcline enriched gax*net-biotite-hornblende schists 
of intrusive origin are described. Cataclastic features 
provide evidence that the feldspathisation processes were 
essentially of pre-F^ » although occasionally microcline 
and late strained quartz grains enclose biotites of the
2 1 8 .
scliistosity. This probably indicates that the mineral 
growth and recrystallisation continued into the early 
stages of the lengthy Ip deformation period.
E. Quartz Veins& Rods and Segregations
Gegregatory quartz is found in a variety of forms 
depending pertly on severity of deformation and partly on 
the time of crystallisation relative to the folding.
It is observed as veins,boudins, lenticles, rods and in the 
nodes of boudinage structures. -Ul manner of gradations 
into quarts rods ore demonstrable, as described earlier
(p. $4 )"
Clearly the vast majority of quarts veins and segre­
gations have beendefox'med duxdng the ?2 ioi& episode, 
indicating their origin prior to this deformation. Micro­
scopic examination of the quartz shows moderate to severe 
straining features. The abundance of concordant quartz 
lenticles and rods in the Hellefjord Behist is noteworthy. 
In other lithologies vein and segregatory quartz is un­
common.
The origin of this quartz is associated primarily 
with the main regional metamorphism. In view of the dis­
tribution and profusion of the quartz lenticles throughout 
the Beliefjord Mehist, it appears likely that they have 
originated as metamorphic segregations sweated out from 
the metasediment during the period of high temperatures.
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The banding has probably served as loci for the migratory 
silica* In the case of quarts developed in boudin nodes, 
the node is a low pressure area into which the recrystallis 
-ing quartz has been attracted during the formation of 
boudinage* This nodal quartz is later than that developed 
as secretions in the.Beliefjord Schist.
Quartz is also found as irregular veinlets and in­
fillings along shears axial planar to folds. Many of 
these occurrences are themselves deformed into pinch-and- 
swell structures or boudins* jlnother occurrence of late 
quartz is illustrated in Plate 1 0 8; in this instance it 
is present as infillings to tensional gashes developed in 
the i'2 plane* Quartz may be present on various
joint surfaces within the massive quartzites.
In some cases, pogmatitic veins show a trend towards 
quartz-rich fractions, with the ultimate development of 
quartz veins containing only sporadic feldspars. Within 
the Beliefjord Schist sequence, many boudins and rods of 
quartz are accompanied by recrystallised diopside and 
sometimes calcite. In the transitional quartz-rich 
"pegmatites^*, tourmaline may be present.
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Ill THE BASIC BCCK5
A. Metag:abbro Sheets
Structural Features
Lenticular or irregular bodies of coarse amphibolite
are fairly common in the eastern tract of Hellefjord Schist,
They attain outcrop lengths of nearly one kilometre ranging
down to small pods ) of highly sheared amphibolite.
The maximum recorded thickness of a lenticle is 18 metres.
They are regarded as tectonic lenses of a pre-existing
gabbroic sheet (or sheets) related to the Etorelv Meta-
gabbro of Central S^r^y.
Typically the rock is dark, medium-to-coarse-grained
and exhibits a notable amphibole lineation and crude schist
-osity. These structural features are of age, the
mineral lineation clearly paralleling the regional fold
axes. Fg folds, of several metres amplitude, are seen to
fold some of the lenses. Towards the margins of the
bodies the amphibolite is usually of finer grain and 
apprec-iably sheared being essentially a hornblende schist.
The boundary of amphibolite and metasediment,although
generally concordant, may sometimes be imprecise and
locally of a transitional natux^ e with segregations of
amphibole present. The coarser, central parts of the
aiaphibolite lenses often yield a knobbly weathered surface,
the white feldspar outstanding while the mafic minerals
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weather out as pits.
Contact motamorpMc effects are absent in the adjacent 
metasediments, but this can be attributed partly to the 
intensive deformation and to the attainment of high 
regional metamorphic grade. In any case, it is extremely 
unlikely that any of the amphibolite lenses are in an 
original juxtaposition with the surrounding Hollefjord 
Echists.
I'Otrocraphy and Textures
Amphibole and plagioclase constitute the bulk of all 
the sections examined, approaching 100# in many specimens. 
Quart occurs in small amounts $ increasing in the schistose 
margins, but apparently absent in the coarser centres of 
some of the amphibolit© lenses. Ephene, ilmenite or 
titano-magnetite and apatite are commonly present, while 
diopside, rutile, clinosoisite and biotite or phlogopitic 
biotite occur rather variably. Minor accessory minerals 
include chlorite, scapolite, calcite and allunite with 
traces of zircon, limonite and pyrite.
The amphibole is a hornblende and occurs as lathe and 
prismatic crystals up to A.gmm. in length, usually eubhedra! 
and rarely idioblastic. Crystal margins may be irregular 
or cuspate. Ind-sections are common providing further 
evidence of the preferred amphibole lineation; this is 
seen better in the schistose marginal lithology. Pleo-
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chroism is faint or moderate; -pale yellow-green,
^ -yellow-green, -green, sometimes brownish green. 
Maximum extinction angles range from 16^-26®, but are mostly 
in the range 22^-25^*
In the coarser amphibolites, hornblende often occurs 
in crystal aggregates with intervening felaic areas 
containing only fragments of amphibole. The segregatory 
nature of amphibole and feldspar produces a foliation 
which is accentuated by a sub-parallelism of hornblende 
laths. Often, the intergrowth of hornblende and feldspar 
shows a recognisably relictcphitic or eub-ophitic texture. 
This relict igneous texture is again noticeable where 
pyroxene is present. In the finer grained amphibolites, 
textures approach those described for the amphibolitic 
dykes and sills, viz., nematoblastic, but relics of an 
igneous ophitic or sub-ophitic texture are still occasion- 
ally present.
Plagioclase feldspar generally forms a mozaic of 
fairly equant grains rarely > 1mm. except in porphyro- 
blasts. The plagioclase, from extinction angle maxima on 
albite twins, is andesine of à normal compositional range 
Anj^-An^2 * Sporadic sodic labradorite (An^Q-An^) occurs 
in the form of degenerate original igneous feldspar 
(Plate 1^5) while some porphyroblaetic plagioclase is in 
the range of sodic andesine (An^g-An^^). feldspar grain
«Plate 145* Relict igneoue plagioclase (An*^ ) siarroiinied 
hy recrystallized polygonal plagioclaee (Ahs^ )- 
Metagabbro, Finf jorddalen. Crossed polarised 
light % 25.
%
\
Plate 146. Amphibolite dyte shewing marked Sx cleavage 
(and schistosity). Axial zone of langstram
Antiform, South H^nsel^f jord shore*
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boundaries are quite straight, never sutured. Zoning is 
often seen; this is normal (calcic cores), differing from 
that observed in the feldspars of the dyke rocks. Varia­
tions of up to 6# anorthite content from core to margin 
within one ciystal have been recorded. Occasional examplei 
of oscillatory zoning are noted. ]
A good example of the recrystallised feldspar fabric 
replacing an earlier pai^tially altered and sericitised j 
feldspar is illustrated in Plate 143# The surrounding 
clear feldspar is here whereas the inner degraded
feldspar is calcic andesine, An^g.
Biotite has a restricted occurrence, increasing in 
amount towards the scîiistose marginal lithology * It is 
always subordinate to hornblende and many thin-sections of 
coarse amphibolite are either devoid of biotite or contain 
only small, isolate, ragged flakes. The biotite is 
usually somewhat phlogopitic, moderately pleochroic from 
very pale yellow to orange- or foxy-brown. It is formed 
primarily at the e%)ense of amphibole and various stages 
in this replacement are demonstrable. Initially, the 
biotite develops at the margins or along cleavage traces 
of the hornblende laths. The micas delineate the schist­
osity noted both in hand—specimen and thin-sections even 
where biotite is of an infrequent occurrence, the flakes 
have a preferred orientation.
224*
Diopside io xenoblastic and rarely occurs in an unaltered 
state, cleaxiy being replaced by amphibole. All stages in 
this uralitisation process can be observed, from pyroxene 
showing thin, discontinuous rime of hornblende to amphiboleg 
containing small included remnants of pyroxene. The 
diopside is colourless and biaxially positive. Maximum 
G A  ^ is 40^-42^. Schiller inclusions, including thin 
laminae of ore (? ilmenite) are characteristic features 
of the pyroxene and these are often retained by the re- 
placive amphibole after all trace of the diopside has gone. 
It is observed that, without exception, diopside-bearing 
amphibolites are restricted to the schistose marginal zones 
of the metagabbro bodies. ho examples of pyroxene occurr­
ing in the coarser grained amphibolites have been found. 
Where serial sections have been taken across certain of 
the amphibolite sheets the restriction of diopsidic rocks t€ 
the marginal ,zones is even more noticeable.
Sphere is ubiquitous. It is xenoblastic occurring 
as grains, clusters of grains or trains of granules 
(synneusis texture) which parallel the schistosity or 
foliation. Commonly, sphene occurs as coronas around ore 
or sometimes around rutile. Rutile itself may nucleate 
around ilmenite so that sometimes the three minerals can 
be observed in the growth sequence - ilmenite rutile 
sphene. Additional interest in these relationships is
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provided in the fact that rutile is usually present only in 
the quartz-deficient amphibolites. Sphene may be scarce 
or absent from these silica-poor rocks and ore is also 
relatively uncommon as compared with its abundance in many 
marginal schistose amphibolites.
When present, clinozoisite is mostly confined to the 
marginal amphibolites. It is clearly secondary, occurring 
in irregular vermicular masses replacing hornblende. At 
times it pseudomoi'phs the laths and prisms of hornblende.
As well as growing at the expense of amphibole, the clino- 
zoisite vermicules grow out from the hornblende into the 
feldspar: frequently a xenoblastic mass of vermicular
clinoaoisite may contain somi-digested fragments of horn­
blende or andesine. Occasional examples of clinozoisite 
rimming diopside have been noted.
In thin-sections containing vermicular clinozoisite 
the feldspars are often cloudy or incipiently saussuritisedi 
Clinosoisite also occurs in a non-vermicular form in feld­
spar-rich pods which may sometimes be appreciably saussurit 
-iaed. The clinosoisite here may be twinned. A third 
mode of occurrence of clinozoisite in the metagabbro is 
that of subhedral grains often with cores of allanite.
This variety of clinozoisite is mostly restricted to the 
coarser grained amphibolites.
Both scapolite and calcite appear to be late altera-
226.
ation products of hornblende, diopside or andesine* In those 
sections containing scapolite, diopside is always present in 
association* Moreover, the restriction of scapolite-bearing 
amphibolites to the marginal zones of the lenticular sheets is 
notable. It would seem that, in spite of the apparent 
association with diopside, the scapolite has developed chiefly 
from andesine* This is suggested by the main occurrence of 
scapolite in previously existing feldspar segregations* The 
scapolite occurs in two forms «
(i) irregular, highly poekoloblastic, symplectitic 
intergrowths with feldspar; optical continuity 
indicates grains up to 1mm*
(11) a mozaic of fairly equant grains (rarely > 0.6mm*) 
with straight grain boundaries.
Replacement of amphibole and pyroxene by scapolite also 
occurs* Calcite is quite late; it has developed from the 
breakdown of hornblende and diopside and also from scapolite*
Although the hornblende has strikingly constant pro­
perties, examples of zoned amphiboles are noteworthy in 
some of the marginal amphibolites, particularly those con­
taining abundant vermicular clinozoisite. Ragged laths 
and prisms of amphibole show a normal nornblendlc core 
with a narrow, often irregular marginal zone of colourless 
or faintly green non-pleochroic amphibole. This outer rim 
is believed to correspond with tremolite-actinolite, al­
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though no extinction angle difference between core and 
margin can be detected. Often amphiboles ere "bleached” 
immediately adjacent to vermicular clinozoisite.
The textural features of hornblende-feldspar 
intergrowth .mve already been described, but mention must 
be made of the amphibole orientation so prevalent in this 
lithology. It has been noted from thin-section study that 
lineation of hornblendes is better developed in the finer 
grained schistose amphibolites than in the coarser rocks 
of the sheet centres. Sections cut normal to the 
lineation in marginal schistose rocks display an abundance 
of small hornblende end-sections, with relatively few large 
prisms. These latter appear to be breaking up and re- 
crystallising* Towards the centres of the ainphibolite 
sheets, hornblende grain size increases and end-sections 
are not so profuse. There is a foliation rather than a 
schistosity and this is reflected in a sub-parallelism of 
large hornblende prisms. Bnd-sections are notable, how­
ever, in contributing to the foliation (as well as the 
lineation); they commonly reveal a planar arrangement of 
the (100) planes containing the crystallographic *b^  axes.
Mechanical breakdown and reciystallisation of the 
large hornblende prisms is observed although this tends to 
be marginal and not to affect the whole crystal. The 
resulting recrystallised fragments have invariably been re-
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orientated, their cristallographie ’cS-axes mostly 
paralleling the tectonic direction. Thus, partially
broken down prisms and laths of hornblende may be surrounded 
by smaller end-sectione of hornblende. Twinning has not 
been observed in the hornblendes, although some fractured 
and flexed crystals produce uneven extinction simulating 
twinning.
It is clear that little evidence of the original 
igneous nature of the amphibolites remains. The present 
polygonal feldspar mozaic, the feldspars mostly clear and 
fresh with unsutured boundaries, and the dominance of horn­
blende, often oriented, is a direct result of the widespread 
rocrystall!saticn concomitant with the main phase of region 
-al metamorphism. This preceded the acme of the second 
generation folding; the amphibole lineation dates from 
this deformation.
Pétrographie evidence for the igneous origin of these 
lensoid sheets is provided by:
(i) Relict ophitic or sub-ophitic texture.
(ii) ^trained and variably saussuritised relics of 
the original igneous feldspar, of andesine- 
labradorite composition.
(ill) Iresence of pyroxene showing all stages of 
uralitisation.
(iv) Presence of schiller inclusions in amphibole. 
Inherited from pyroxene.
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leldepar porphyroblastesis is only incipiently develop­
ed in some* of the coarser amphibolites* It is regarded as 
a process allied to the recrystallisation during the main 
metainorphism but possibly initiated late in the recrystall­
isation episode, since the porphyroblaste are of slightly 
more sodic composition*
Eummary
Minéralogieal and textural examination has shown the 
foliated or schistose, lenticular amphibolite bodies to be 
metagabbroB* The similarity in mineral content and tex­
tural and field relationships of the various lonticles of 
metagabbro would suggest that they have had a similar origii 
and history. They have been metamorphosed and later de­
formed by î'2 BIO ve ment s. The metagabbx*oic bodies are 
regarded as tectonically transported and sheared lenses of 
a pre-existing gabbro sheet, or sheets.
On comparing the Btorelv Metagabbro (Stumpfl and 
Sturt, 1964) of Central G^ rjzfy, many features of mineralogy 
and textures are common to both that gabbro and the meta­
gabbro lenses of the writer*s area. The Storelv Metagabbro 
exhibits strongly sheared and schistose margins. Towards 
the east, the sheet thins out (see Fig. 3). Hear Lettre 
on Langstraridf jord, the termination of the sheet is highly 
sheared into hornblende schists and hornblende-biotite 
schists. The thesis is therefore, that the metagabbro
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bodies of the Lang©tx*and-Iinf jord area represent sheared . 
tectonic lenses of the Etorelv Metagabbro.
3. Basic Dykes
Structural Features
Amphibolites and related meta-igneous basic dykes 
and sills ere common.features of the Klubbon Quartsite 
Group. Typically they form concordant or gently trans­
gress! ve sheets varying from 15cm. to 3 .5m. in thickness 
(Plate 21). They are everywhere schistose, of medium-finei 
grain and may or may not contain garnet. The schistosity 
has been shown to be 8^; the dykes and sills are clearly 
deformed by the Folds (Plates 19, 58 and 146).
In the Breivikbotn area of E.W. B^r^y at least two 
ages of basic dykes have been recognised, principally pro- 
Pg and post-Fg, the former schistose whilst the post-tect­
onic dykes are non-schistose (B.A. Eturt, personal 
communication). In the writer’s area, only one generation 
of basic sheets is present. Their exact age is conjectured 
intrusion probably late-F^ or early in the static period 
between the two deformations. They were definitely in­
truded prior to the main regional metamorphism which itself 
is pre-F2 '
Many of the sheets have fine-grained margins and are 
gently transgress!ve. Shearing affects the sheets to
varying degrees, attaining a ma^rimum development in the
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H/Snseby-Skarvfjord region. It is often closely associated with 
F2 fold closures as depicted earlier (Plates 77 and 7 8). In 
several instances in this N.w. area, sheets have become dis­
connected because of intense shearing and extension. Within 
any one sheet, the margins tend to be more sheared than the 
central parts.
Garnets are of variable occurrence and size (Plates 20 and 
58). Amphibolites containing little or no biotite, are 
generally relatively devoid of garnets. The gradations, notable 
in the field and hand-specimen, from amphibole-rich dykes to 
biotite schists is linked with the increasing presence of 
garnet. It is not possible to point to any one distribution 
pattern of garnets within dykes as being typical since apprecialfle 
variation may occur within any one intrusion, wherein garnets 
may be absent or profuse within a metre or so (see Plate 58).
One noteworthy pattern is the presence of fairly abundant 
small garnets in the marginal zones of certain dykes while the 
central part may contain sporadic large garnets - up to 4-5GB3# - 
or alternatively no garnets at all. The resistance of the 
brownish-red almandine garnets often produces a conspicuous 
knobbly weathering surface (Plate 20). In certain dykes near 
SkarvfJordhamn, a colour zoning of garnets is quite distinct in 
hand-specimenj the core is deep red whereas the outer zone is 
pale brownish-red. Pétrographie examination of these garnets 
reveals interesting differences of inclusion content (p.23i).
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Petrography and Textures
Differences of mineralogy and texture between the hornblen* 
schists and the garnet-biotite schists are apparent but all 
gradations have been observed# Typically the hornblende schist; 
are plagioclase-hornblende rocks with small amounts of quartz# 
Plagioclase has a compositional range of although
andesine of An^g has been recorded# Common accessory minerals 
include sphene and iron ore, the ore dominantly magnetite or 
titaniferous magnetite# Other minerals of variable occurrence 
are garnet, apatite, clinozoisite, biotite, ilmenite, rutile 
and allanite. Chlorite is an uncommon diaphthoretic mineral.
The hornblende schists have a nematoblastic textural arrange 
-ment of amphibole and feldspar which is equated with the 
linear schistosity produced during the deformation. The 
thin-sections cut normal to the F2 lineation depict a prédomina 
ance of amphibole end-sections. Amphiboles are only moderately 
pleochroic in shades of pale green: laths occur up to 1 .5mm,
in length. Where biotite is present it is seen to replace 
hornblende, although ambiguous cases of replacement relation­
ships occur in the gradational biotite-hornblende schists.
Sphene is xenoblastic and granular, frequently occurring 
in association with, or rimming, ore grains. Rarely, sphene 
aggregates up to 1mm. across are observed. Garnets occur 
sporadically; they rarely exceed 0 .5mm. and contain small in­
clusions of ore, apatite, quartz and hornblende arranged quite
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randomly# They are thus post-amphibole in development, but 
their exact relations relative to the deformation are vague 
in this instance#
Oligoclase-andesine usually occurs as equant, polygonal 
or slightly elongate grains, rarely > 0.%nm# Grain boundaries 
are commonly perfectly straight with triple junctions ubiquitous< 
In some amphibolites, feldspars tend to form irregular but 
generally lenticular segregations containing only small and 
scattered ferromagnesian minerals# Normally, twinning is 
relatively uncommon in the plagioclase of these amphibolites# 
Zoning is present to a varying extent, however, this being 
reverse zoning, occasionally oscillatory, the cores of the 
crystals being less calcic than the outer zones# The effect 
of reverse zoning is closely connected with rising temperatures 
during recrystallisation; the more sodic centres recrystallised 
at lower temperatures early in the metamorphism, whereas with 
rising temperature the anorthite content of the plagioclase 
increased#
Remnants of apparent phenocrysts of plagioclase feldspar 
are recognisable in the central parts of the prominent 3-^# 
thick dyke north of Lundhavn# These are up to 5nim# across and 
are typically highly altered to clinozoisite, calcite, ill- 
defined sericitic aggregates and rarely zeolite. Twinning is 
vaguely discernible on albite, Carlsbad and pericline laws, 
although the twin lamellae are often deformed. There are no
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other relics of igneous texture present in the hornblende schists
Where biotite is conspicuous in these rocks, the nemato­
blastic texture is gradually lost and replaced by a distinctly 
more schistose and lepMoblastic texture. Porphyroblasts of 
garnet are more readily developed, particularly in the horn­
blende-deficient schists. Common accessory minerals are sphene, 
ore and apatite, apatite content increasing with a decrease 
of amphibole. Other constituent minerals in the biotite 
schists are rutile, allanite or a metamict variety of allanite, 
clinosoisite, ilmenite and chlorite. Plagioclase is again an 
oligoclase or sodic andesine. Zoning is present, reverse 
or irregular, but not so extensive as in the hornblende schists. 
Moreover, the feldspars sometimes exhibit incipient alteration 
to sericitic materials such alteration is virtually absent in 
the hornblende amphibolites.
Biotite gives the lithology the marked planar schistosity.
It replaces hornblende. In certain sills and dykes of garnet- 
biotite schist, amphibole is uncommon. Ultimately the sola 
mafic mineral is biotite but important evidence of the mineral 
paragenesis is preserved within porphyroblastic garnets. This 
is shown particularly well in specimen SR.8 3 6 X which contains 
zoned garnets up to 8mm. in diameter. The central parts of the 
garnets nontain abundant inclusions of ore and small quartz 
grains, whereas the outer zone contains much sphene, often with 
nuclei of ore. In the schist groundmass, similar granules and
Plate 147. Outer zone of garnet overgrowing the ground- 
masc S3 fabric. Amphibolite* Plane polarised
light é 25.
Plate 148# Zoned garnet. Clearer outer zone contains 
lineated apatite, sphene and ilmenite laths. 
Amphibolite. Plane polarised li^t x 25*
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lozenges of sphene are abundant, again often with cores of iron 
ore# Of major significance are the sporadic inclusions, within 
the core of the garnets, of hornblende#
From this evidence it is fairly clear that, during the 
growth of the core of the garnet, the groundmass of the dyke 
contained amphibole and titano-magnetite# The outer zone of 
garnet has grown subsequently to the extensive replacement of 
amphibole by biotite and the development of sphene from ore 
grains (Plate 1^7)•
Porphyroblasts of almandine garnet may be up to 5cm# in 
diameter. More commonly, garnets are fairly idioblastic, from 
4mm. to 8mm. across. They are usually poekiloblastic and of 
pale pink colour in plane polarised light. Often a zoned 
appearance is manifest, the inner zone or core containing an 
abundance of inclusions chiefly quartz and ore but also clino­
zoisite, epidote, biotite, clilorite and apatite (Plate 148), 
with amphibole only rarely present. The outer zone invariably 
contains fewer inclusions, inclusion mineralogy varying from 
dyke to dyke. However, quartz inclusions are generally larger 
than those in the core.
Although the zones are disparate in their inclusion content, 
it seems likely that garnet growth has been continuous, since 
there is no suggestion of a break in composition (see Appendix). 
In specimen 8R.836X, the ore-rich garnet core contains an 
abundance of small quartz grains. Between the quartz-studded
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core and the sphene impregnated outer zone or skin there is a 
narrow zone, 4 1mm., devoid of quartz inclusions but containing 
ore granules and towards its margin, some sphene. It would 
seem that this narrow quartz-free zone represents a stage of 
slow velocity of garnet growth wherein dissolution, absorption 
or expulsion of quartz inclusions occurred. This stage of 
growth is concomitant with the mineralogical changes noted 
previously, namely biotite replacing amphibole and sphene 
largely replacing ore.
The arrangement, if any, of inclusions within garnet 
porphyroblasts provides evidence of age of crystallisation.
Core inclusions, unlike those in the Hellefjord Schist, do not 
reveal any emphatic dimensional orientation. The pattern is 
usually quite random. On the other hand, the outer zone of 
many garnets shows a roughly concentric arrangement of included 
mineral grains. In specimen LR.33> apatite needles and ore 
laths display this pattern (Plate 148), although it is never 
perfectly continuous around the outer zone of the garnet. In 
SR.836X, the sphene grains of the outer zone also show a 
concentric orientation.
With many of these garnets, the outer zone or skin is 
invariably discontinuous and it can be seen that the garnet skin 
is gro%d.ng at the expense of the biotite of the lepidoblastic 
fabric outside the porphyroblast. Hence, sphene, ore or 
apatite grains, oriented in the schistosity, are Included by the
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growing garnet (Plate 147). The fact that the garnet cores 
show the smallest included grains whilst the outermost zones 
contain the largest grains is evidence to suggest that as the 
garnet grew there was a progressive enlargement of the fabric 
grain size outside the garnet. This is a consequence of 
increasing metamorphic grade.
An interesting garnet phenomenon in a dyke just north of 
laice l45 is that of a complete separation of the outer skin into 
two equal parts. The garnets are up to 5cm. across and are 
good rhombdodecahedra, except for the split which is infilled 
with the groundmass schist and recrystallised quartz. Moreover 
there is in all cases a displacement of one "hemisphere” 
relative to the other along the plane of separation. This dis­
placement may be anything up to 2mm. The plane of separation 
is parallel or sub-parallel to the schistosity.
Quartz is much more abundant in the garnet-biotite schists 
than in the original amphibolites, occurring in the groundmass 
as equant or elongate grains often showing slight straining.
It has also recrystallised in pressure shadow areas adjacent to 
garnets. dome garnets show initial signs of breakdoim, partly 
to quartz but also to epidote, calcite, biotite and chlorite.
Sphene is the most common accessory mineral of the biotitic 
dyke rocks, invariably surrounding minute nuclei of ore. In 
view of the intimate association of ore and sphene, it is thought 
that the ore was originally either a titaniferous magnetite or
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ilmenite. Rutile is rare; where present it is associated with 
sphene and iron ore.
Of the minor accessory minerals, a metamict variety of 
allanite, where present, produces strong pleochroic hal03s in 
both biotite and hornblende. Rarely a fine film of epidote may 
partially rim the allanite. Bpidotes generally are uncommon 
in the biotite-rich schists.
Ghlorite is uncommon but may be seen partly or wholly 
replacing biotite flakes. In one amphibolite, scattered 
sheaves of radiate chlorite occur replacing hornblende. Garnet 
sometimes shows initial stages of breakdo^m, partly to chlorite.
• Intrusive transgressive sheets are affected by granitisa- 
tion processes in the central Saksfjell area. Garnets are 
present and the groundmass fabric is distinctly coarser than 
that in the previously described examples. ,Within the garnet 
centres, a finer grain size of inclusions is seen. Appreciably 
recrystallisation has occurred with much quartz in association 
with the garnets.
Summary
Basic dykes and sills in the north-east of S/Sr/dy are all 
deformed by structures. They are all schistose, the schist# 
-ity, S^, being that related to the folding. Their intru­
sion, clearly pre-F^ and prior to the main regional metamor­
phism, was probably towazrds the close of the early, F^, fold 
movements or immediately after the cessation of that period of 
deformation.
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Differences of mineralogy arc associated vrith the variable 
development of schistosity. The biotite-garnet schists re­
present an ultimate stage of alteration due to intense shear 
deformation during the tectonism. Generally, all signs of 
the original igneous textuges are absent except for highly 
altered and deformed feldspar phenocrysts in the central parts 
of one thick transgressive sill. Garnets developed during the 
main regional metamorphism, pre-F^, their growth extending 
into the F^ deformation period and in part post-dating the 
formation of the schistosity. Diaphthoretic chlorite 
represents a retrogressive metamorphic phase following the main 
Fg folding.
C. Other Basic Rocks
Basic rock-types of a minor nature are found at Gamnes, 
south of Langstrand and also along the cliff coast region south­
east of Reliefjord.
The basic rook at Gamnes is an irregular body near the 
cliff-base, not more than Jra. in extent. Typically it is an 
amphibolite or ultramafite consisting largely of a dark green 
amphibole. A transitional zone of mixed metasediment and am- 
phibole-enriched pelite is discernible. In this transitional 
lithology, amphibole first occurs as scattered porphyroblasts 
in pelite, there being a rapid basification within only 2 -3  
metres into the amphibolite lithology.
Microscopic study reveals that the amphibolite is composed 
of pale, yellow-green actinolite or actinolitic hornblende.
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The amphibole is only faintly pleochroic; it occurs as long 
laths, ragged prisms and sheaf-like aggregates. Extinction is 
often irregular due to deformation: the maximum extinction
angle, Z A G ,  is 18°, Sphene grains are abundant throughout, 
often with cores of rutile. Patchy biotite replacement of 
amphibole is present. Rare feldspar (andesine, Anj^ )^ segrega­
tions are strongly sericitised with developing calcite a M  
scapolite. Late calcite is often prof^ise.
Away from the basic mass, metasediment and amphibolite are 
intergrown with biotite progressively replacing the amphibole. 
;^ uartz is now an essential mineral. The metasediment is an 
actinolite-diopside semi-pelite with pyroxene xenoblastic and 
invariably partially uralitised. Scapolite may develop from 
this breakdown. Biotite—orangy-brown and crowded with sphene — 
becomes the chief mafic mineral within a distance of some 2m. 
Calcite is again common.
The appearance of allanite in small amoimts with coronas of 
epidote is coeval with the local growth of ragged and often 
interstitial microcline. This latter represents a mild potash 
metasomatism.
It is thought that this occurrence of amphibolite is some 
form of basification phenomenon more or less synchronous with the 
widespread pre-F^ regional metamorphism. No evidence for an 
igneous origin could be detected.
South-east of Reliefjord along the cliff coast of Vardas
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and Nordnes, axial planar shear zones are present along which 
sheared basic material is sometimes observed. These are up to 
2-3^« thick and contain ramifying quartz and quartz-tremolite 
veinlets, generally sub-parallel to the shearing and schistosity;
Most typically the lithology is a schistose melange con­
sisting of abundant hornblende with appreciable metasediment 
and degenerate garnets. The garnets are extremely skeletal, 
often elongated in the schistosity, and include diopside. This 
diopside is in various stages of breakdown to hornblende and 
also to scapolite and calcite. The garnets are being replaced 
by calcite, quartz and sometimes biotite or chlorite. In the 
groundmass, pyroxene is absent so that it would appear as if the 
garnet has shielded the diopside from rapid breakdown during 
the shearing. Biotite replaces hornblende. Ore grains are 
abundant throughout and biotite often contains ore lamellae 
along its cleavages. Sphene is present only in and around the 
garnet.
The lithology appears to be a sheared melange of predomin­
antly calc-siliceous schist probably \î±th some lenticles of am-, 
phibollte. On the plateau nearby, a rock of similar appearance
but whose relationships to the F^ folding are indeterminate, is 
found to contain porphyroblasts of tremolite-actinolite up to 
1cm. across (D.843), The schistosity spindles the amphibole 
which is frequently flexed - an effect of deformation - givinj 
extremely variable extinction.
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Diopsidic augite^ strongly schillerised, occnrs as small 
isolate relics within large amphiboles* Optical continuity of 
these scattered relics denotes the pre-existence of pyroxenes 
of ca* 2 .5mm.
Biotite is pale brovm and weakly pleochroic suggestive of 
a phlogoplte variety. It clearly post-dates amphibole but 
is Itself partly chlorltised* Chlorite sometimes, occurs also 
in radial aggregates.
Quartz is absént except for large, late recrystallised 
grains next to some porphyroblasts. Rutile is conspicuous, 
while the absence of sphene is noteworthy. Again, the preferr­
ed presence of rutile suggests a relationship with lack of free 
silica.Plagioclase is included in the amphibole porphyroblasts# 
It has a composition of calc-andesine (AU]^)# In the ground- 
mass anorthlte content is lower (An^^-An^^^) in the polygonal 
feldspars#
The cumulative evidence favours an igneous origin for this 
basic rock-type, which has suffered uralitisation, porphyro- 
blastesls and later deformation and shearing#
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PART FOUR
SUMMARY OF THE STRUCTURAL AND 
METAMQRPHIC HISTORY
It has been shown in the foregoing account that there 
has clearly been a close relationship between the sequences of 
tectonic and metamorphic events affecting the Eoeambrian 
rocks of N.E. Oj6r/6y# The integration of studies of the 
structures and textures of the metamorphic rocks has enabled 
the writer to subdivide the metamorphic history of the area 
into a number of phases which are respectively syn-kinematic 
or post-kinematic in relation to the polyphase deformation#
The area comprises several large-scale second generation 
folds which deform a major early recumbent fold. The second 
episode of folding is protracted and consists of two distinct 
phases# The major second generation folds were formed early 
in this period and slightly later than the acme of regional 
metamorphism# Brittle deformation characterises the later
phase of the episode of folding#
The highest grade of metamorphism was established late 
in the static interval separating the and Fg periods of 
folding# During the early-F^ syn-kinematic phase the meta­
morphism waned, while the late-F^ brittle movements are 
distinctly diaphthoretic# Evidence of the grade of meta­
morphism attained during the movements is rather exiguous, 
being restricted to that presented by the inclusion fabrics of
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porphyroblastic minerals. This indicates that low-grade 
metamorphism accompanied the early deformation. Ensuing these 
early movements a rise of metamorphic grade is apparent from 
the progressive porphyroblastes is.
The structural and metamorphic history can be outlined 
as a sequence of distinct though often closely related events, 
depicted in Fig. 35 and summarised below:
(a) The deposition of sediments, initially in a ‘^shelf- 
sea** environment passing upwards into a rhythmic sequence 
indicative of deeper water conditions, possibly in a developing 
géosynclinal trough.
(b) The first period of folding. This produced 
recumbent folds of considerable magnitude of which the Hj6nseby 
Fold is representative. The earliest phase of regional meta­
morphism - of probable green schist facies - accompanied this 
eplsodd of folding#
(c) The intrusion of a gabbroic sheet (or sheets).
This occurred either late in the period of folding or 
immediately succeeding the cessation of movement; the F^ 
deformation has erased evidence of the exact age of intrusion,
(d) The intrusion of basic dykes and sills# These post­
date and are everyifhere deformed by F^ structures. They 
exhibit a conspicuous schistosity (S^).
(e) The development of porphyroblastic minerals in the 
pre-F^ static period. Initially, biotite and garnet porphyre-
blasts were developed, r^lth amphibole and diopside in the 
calcareous rocks. The grovrfch of,staurolite, kyanlte and 
sillimanite late in this period signifies the attainment of 
the highest metamorphic grade (almandine-amphibolite facies),
(f) Feldspathisation and granitisation of the raetasedi- 
meats coeval with the stage of maximum metamorphic grade and 
continuing into the early-F^ kinematic phase,
(g) The early-F2 phase of folding, All the major Fg 
folds were formed at this time. In general, folds are 
everyvTtiere overturned towards the B , N . E .  showi.ng a monoclinic 
symmetry of movement pattern and implying an E.N.E,-directed 
tectonic transport. In the south, where strikes and fold axes 
are approximately E-W., there is no uni-directional sense of 
fold overturning and the symmetry of the deforming movements
is apparently orthorhombic.
High-grade metamorphic mineral growth continued into the 
early stages of the F^ movement episode, together with graniti­
sation and pegmatisation of the metasediments, A localised 
tourmalin!sation of schists is associated wi.th certain pegmatites 
Both gabbro and basic dyke rocks were converted to amphibolites# 
Appreciable shearing, stretching and minor sliding accompanied 
the folding - many dykes were converted into biotite,schists 
while the gabbro was drawn out into elongate tectonic lenticles 
of amphibolite. Segregations of quartz-kyanite and garnet- 
biotite were developed in the more strongly deformed metasedi­
ments #
2^.
(h) A post-S^ static phase. Certain minerais, notably
tremolite, muscovite, scapolite and some garnet, were developed
as porphyroblasts overgrovrliig the S- schistosity#
—
(1) The latc-P^ brittle deformation i^ ith associated 
retrogressive metamorphic phenomena# Mineral deformation is 
largely attributed to this episode# Most of the faulting 
and jointing 1 b of late-F^ age#
2^7
APRRIDIX
Potrofabrlcs
A potrofabric analysis of several specimens of micaceous 
quartsite from a small area of abundant minor folds just N.Wi 
of Hjdnseby was made in order to study the state of preferred 
orientation of quartz (0001). Although some twenty-nine 
petrofabric diagrams were prepared from specimens on limbs and 
crests of folds, the study was considered incomplete and 
not comprehensive enough to justify incorporation into the 
structural chapter. In all sections, quartz (0001) orienta­
tion wa,s measured. It is highly probable that, with the 
addition of analyses of mica (001) orientation, a further study 
of this petrofabric work will be of considerable interest 
regarding the relationships of mineral orientation to mega­
scopic structures. An, account of the features of interest 
noted in the quartz study is presented summarily below.
All the thin-sections were cut normal or near-normal to 
the megascopic F^ *b’ lineation and dips and strikes of the 
cut surfaces carefuJ.ly recorded utilising other field measure­
ments, In all cases the dominant type of quartz (OOCl) 
orientation is a peripheral *ac•-girdle consistantly normal to 
the megascopic F^ lineation and fold axes. The peripheral 
maxima are generally distributed asymmetrically within these 
girdle patterns. Selected petrofabric diagrams, shown in Fig, 
I, are representative of the patterns existing in all the
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specimens examined.
A cross-girdle, though incomplete, is represented in 
only one diagram, from the long limb of an Fg minor fold 
(Fig. II). This cross-girdle disappears towards the fold 
closure, and is interpreted as a relict early (F^) fabric, 
although it is noticeably the only evidence of preservation of 
an earlier quartz fabric in this strongly Fg-orientated envir­
onment.
The peripheral girdle (which may be a partial girdle) is 
always asymmetrical in its arrangement of maxima and the fabric 
is therefore homotactic and its overall symmetry monoclinic.
In many instances it is found that a notable maximum is present 
near-perpendicular or at a high angle to the dominant 3-planos, 
here the pervasive schistosity axial planar to the Fg folds. 
Where this is so there is invariably a scarcity or lack of 
oriented quartz grains in the plane of the schistosity. Al­
though individual maxima have commonly been correlated with 
supposed slip surfaces of the fabric Turner and Weiss (I9 6 3 ) 
regard this correlation as unjustified and remark that, "the 
essential feature .... is not the disposition of maxima but the 
monoclinic symmetry of the superposed fabrics." Clearly, 
further work on this problem is essential.
Attempts at the complete "unrolling" of folds on which 
quartz diagrams have been prepared have shown there to be a 
non-parallelism of q-richtungen (lines joining maxima to the 
centre of the projection). Such non-coincidence of maxima
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indicates that the.fold has a shear origin and that the fabric 
has developed during or after the fold movements (Gangopadhÿ^ 
and Johnson, I9 6 2). In one example of an fold which has 
the morphology of a similar fold, a near-coincidence of maxima 
results from the unrolling of fold fabrics from the limbs and 
crest. This would appear to indicate some element of flexure 
in the fold genesis; it is noteworthy that references have 
been made to the field evidence of an interplay of shear and » 
flexural fold mechanisms in parts of the minor structural 
chapter.
The writer is intending to make a further and more 
detailed study on the quartz (and mica) fabrics of these rocks.
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Garnet X-ray Data
An X-ray Investigation on a zoned garnet from an 
amphibolite (150m, north of lake 145) was undertaken by R,J, 
Bavies of the British Museum. The outer skin of garnet is 
syn-Fg (partly post-dating B^) whilst the core is pre- to syn-
Fg.
Back-reflection Laue photographs (XIOO9 8) were made of the 
core and skin of the polished surface of bisected garnet, with 
identical results. The crystal orientations agree within 1^ 
or 2^. The experimental arrangement was rather rough.
Also an 11.46cm. Phillips powder photograph (337F) was 
taken of scrapings from the polished surface. According to 
Dr. Davies, “Both showed all garnet lines. The core gave a 
cell dimension, a = 11.6184 + 0.0015A. The skin gave, a = 
1 1 .6 1 2 5 i 0 ,0006A. This difference is experimentally
significant; maximum likely error is 0.002A".
The difference in composition implied by the unit cell 
data is confirmed by the difference of relief noted from core 
to margin in thin-sections of these garnets.
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Density Determinations
Density determinations were made on a representative sample 
of hand-speoimens of rocks from scattered localities on the 
writer's area by Dr. M. Brooks of University College, Swansea.
These are listed below;
Specimen No. Density (g/cm^)
LR.4-3 2 . 6 0
SR.10ÔB 2 . 6 5
LR.5 2 . 6 0
SKR. 3 0 2 . 7 0
LR . 9 0 2 . 7 0
D . 4 5 4 2 . 7 2
LR.78 2 . 6 7
SKR.4 2 . 6 6
SR.466b 2 . 6 3
D.642B 2 . 6 3
D.9 IB 2.79
SKR.9 2.64
LR . 1 7 2 . 6 3
SR . 7 3 6 2.68
L.llA 2.66
LR.20 2 . 7 2
LR.IO 2 . 7 4
LR.97 2 . 7 4
D . 2 9 2 2 . 7 1
SR.2 3 OA 2 . 7 4
LR . 6 0 2 . 8 3
L.7G 2.85
SKR.29 2.88
SR . 5 8 7 2 . 6 7
LH . 7 2 2.78
L.35A 2 . 8 7
SR.765 2 . 7 9
SR. 8 3 6 3 . 0 1
SR.847 2 . 7 7
D . 7 6 6 2 . 7 8
LR.ll 2 . 9 2
LR . 3 4 3 . 0 8
SKR.7 3 .0 6 / 3 . 1 6
Book Type
Granite gneiss 
Granite gneiss 
Pegmatite 
Greisen
Biotite-hornblende 
granitic gneiss 
Biotite-hornblende 
granitic gneiss 
Feldspathised schist 
Feldspathised quartz!te 
Aplite 4" Quartzite 
Feldspathised semi-pellte 
Feldspathised schist 
Microcline-garnet schist 
quartz!te 
‘^uartzite 
3emi-pelite 
Semi-pelite 
Biotite schist 
Biotite-muscovite schist 
Limestone 
oheared Limestone 
Tremolite schist 
Biotite schist 
Phyllite
Calc-silicate schist 
Calc-silicate schist 
Graphite-kyanite schist 
Garnet-kyanite schist 
Garnet-kyanite schist 
Calc-silicate schist 
Calc-silicate schist 
Garnet amphibolite 
Garnet amphibolite 
Garnet-biotite schist (dyke 
rock)
Specimen Wo. Penalty (a/cm^) Rock Type
SR.401 ' 2 . 8 0  Garnet amphibolite
P.8 4 3  2.88 Sheared amphibolite
P.6 2 8  2 . 9 2  Metagabbro
SR.852B 2 . 9 1  Metagabbro
LX.l ! . 3»04 Amphibole segregation
252.
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